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lOfAfltl 
3E| J Coordisat# «#» la ©f piafe# 
uj ©®fl©«M©i3i ©f plat® mj point- x, f 
|j# i Miitb '©f plates la reetaagml-ar eyoss s#etioa 
1 ©f tl&t« 
t 'ffadste®®# '©f flat® 
<r Amwms^  l©s«i, p®r taait ay«« om aemfeer 
c2r awp1i&4. l©ai «?©a ©a mmher yfhen mj 
flat# ia a«fe«r fee-e«es #la#tie-aj,ly -Biis-tiible 
cTuii- Avef'.ng© «^li®i i©«a pm wait ai-da ©» at 
iilt,iiift1;-t l©.-aiiag 
cTyp Amw»m 'ai^ t «t3P#»s Im aat^ f'lai wIisb yield point of 
F f©tal %m4. 0m 
t^ tiOL lomi @tt «€aib#i» m% th®' isltia&t# l©a€ii3g 
k ®t»«iisf©iaes« is Bipy»» tmmWLm 
•t llaii3.fionless e:©-«ffiei®mt ia f@» Kaittas ©fiai'ifal^ afc^  
wi-itM tmrnlsL 
1, ©t @l&»t-iei%y ©f aat-wiii 
Awmrstg® 1®M per area om wmfe®3? nwrag® of 
m#asw©i mit sfe«'«iiis at f©iiy ©©i?a©i»a ©f tfe® Maslser 
M ?0i»so»*» rati© Mat«i»ial 
f«ag:®,iib- .ffiotmlu® -5- »©4iA«.a of ©lastielty 
w 
yofeation of plat® at mrmv of mmIj®!' 
5 Shftp# faeter 
e AT®i?ag® «silt itralB 
A fetal aj*®& ia Qmss seetlon of mittbej? 
a S©al«»i?®4tietl©n fa©t» 
1 
I..  i ifioOTCfio-i fo THE fhAW mmjsm fmmm 
For Many years C38# l|l| 1% hat been recognised that a 
mlmm may fail f» on® of ,t*r© geasral waysi (1) failmr« toy 
buekli'ng ®r twiMtimg* or beth# with thm ©atlr® eoltaijm R@tiisg 
m m Tsnitt m& (21 failtir© by l©emlLi»©i btto,Ii3Ll]c® of a oaapoasat 
part of th«' e«l«isi»* 
IiuM{|iyilst I23I h^ ms d#fiii«i eriaaCT ectlwii failmr© as any 
typ© 0f failure in i&ldk tli® er©ss a©@ti®ns' of th« eolwm ar© 
tra.iMilat#di* rotated# ©r H# ip.s® has defined' aeeoMary 
failiir© as mnf %jp& «f faiiur# in wMeli. tls® cross 
»«eti©Ba ar® iistortei ia tlieir mm plamss btife ar# B©t 
retat®4 or tranilated. Barloif C5) lias 4«fin«d the eritieal 
stress for baeliaiii^  ^a# th© airerag« uait stress 
o^ ©r the -Aol# eroas seetioa when my ©l«eat. of th« s@6tl©n 
h#eme» ©lastieally mstuMe. 
&«roBamtie«dl engiaiseriiig profession was qmiekly 
foro«<l t# r®oog)aijs® aM to oop# with the proble® of soeo-iKiary 
fmiltar# in thi»«»'Wall®t a«h©rs of th« tfpm in idroraft 
oon®trmetioia, SoweTorji th® struotwal braach of tti® eivil 
©i^ ia®®riag profoisioii ha«' beta r@latlV0ly slm in m®®tii3@; 
th« profel«m of s®eond«ry huofeling as it ^ pli©« t© struetwral 
st«el of th« pri^ ortioBs esmouly foima ia tht #®sigii of 
2 
stmietw©®.# fMs lag aaj b© a r®sialt of the fact timt 
i»e3.1«-i tt#®l »##fei©iis 1»¥® %##», oydlmarily pi»<spoa?fel©ii#d t© 
pF®el»<l® s®o0:aiai^- failw#, ta g©ii#y^, am&tlQm 
hmf'% b0#ii pi?©porti©iie<l t© pr©'?«als Bmmm&mrf btiettii^  fallm*® 
'by staying witMn e©3?iaim liJtits of i«©Mliat arbi­
trarily by past lyil© tMS'f^ aetie# 
lm®t i» til# B&i% la #'r#i'-#.«f@ aai Jilglily 
inwb«r® wi^ . f®g^ i %m bme^ lag,, fclier# 
lim¥© hmm mmxy mmppiam., Bm& &t mtmtmphl^ ps*©» 
f»fel©Bs lik# til# Qti.@fe®© BFlig# faitoe (37 h 
la •&# IfSftf eestiiei^ abl© mtt#sljl©a was givea to tli® 
p.»bl#M <jf 0«e#ai,ai?y bmettlsg of pl&t® mm^ meuts ©f bridg© 
tw»r« ik.3» kk§ k^h- Mm,nh$ early 19i|.§*i pyoblw m4 
of tl» stability ©f cofmpoii®»t parts of ©«•• 
pmsMim mmh0^ - ms t# stimufettt^ al aeilgn begaa t# 
y©e«iv# ills stt^ atloa of A»'®i?ie©m elfll 
p3?©f»sai©ii <32)», m the <il#«# ©f: ll©Pl€ Waf IJ, til# aee©! ©rated 
of li^ t-gag«' ®t#tl, strtt^ tMriO. siiap©«. .ftirth®r «aflm»l8©.d 
tk# p»®bl«is ©f seisoMary batiftiiig (29)# 
It 8l»itt€ hm r#0«g3ilf#i tlmt a®st bullt-^  s®etl©i» mi. 
»ll«i ar# ©«p#s©i, larg®l? a® e^ 0ii».iit 
iparts^  -aad tkat «»aer eritleal e«»a.i%loM.®,, «la«tie 
IsstaMltty of ^ me plat# «il€w«ist# mny mmxr b®f©r® tfe# 
-p^ iMUsTf falllHf loat of.t&i© §©|.«®is 1# r#&©l3t©t» la tli# 
interest of betla sm£0%f • th# ieaiga ©f ear^ r^ sslom 
a^ b^ers b# Isfsatlgafc#! 'for h^ th. typ®# ©f fallw#,* 
3 
• Bil«-tliesiij a#allag wlfcli •liell©w# i»®e%aiig«lar mlwm 
nm&tt&m' ©f ®tru,etmi»al' will fe© lSaife«d t© 
p»fel«a of s»e®.iid@r|f femtKling:, flit ®to|©oti"f«s of tMs 
m • 
•• (1) fti 'th^  stpmeiwal bthLa¥l®i?'©f 1I©13L€W# 
•^ #e.feaiiga3Laf mlm& s©«tt©B® of st««l ia4i<l,ei» «xl.al , 
©giapaf»«»!.©» iua&fm m s#©©ni»ry bt»ldiisg ia c©'.ne©mal» 
(2) fo iia^ leat# « a@%libeii '©f idsipa wMeli eau ms«t 
•witJi 'S'Sffttf aai. .©©aft-dl#ae© la 'Amtgwimg for failw® 
©f iaMb®i*t ©f IMi t# wslfy fcla# '^ plleability t© 
aealNir® of tMs fcfp# ef Mim atthods mm ia fm otliw 
%jpeM of d®iistJi?ii,eti©m# 
(31 t# luiieat# wlt^  fjpofemfel©' ©f 
bilifey aod#l .aaalysSi amy b#' mf«i t® 
•(sliara«'l@rl®%£es ©f laas®!* stetioui iA®a' ordiaafy 
slaop^  ii©t!ioa# fa1iriemti0ii &r« m»®i f©i» both ao^ ®3.s aai 
•fli« ©0l-«sm ««et£®»s iaa®t la ttds ia¥e,»tlga1il©ii 
r#«taiigmlai?|. ©atli It treafeM m f®w 
tMlTliiiml ftetlBg Bm flgur© 1, la<^  plate 
i»'assiM@(4 to hmm a 'laKlfofw itsiid. 3.@a€ appllei. oa it# ia|»i5#:r 
ffltti lm» til© taaloaitd #ig#s ar® by tlx® tiro 
aajaeeat flates, Basi-taily, tkn pi>©%l©a 1® one of 
tim itaMlity elM3?aet®3?istics of a ®t®®l plate 

























































mmf hm ®«sm©t S«e ipptMix 1* ' Steossfts abeT# Isli# 
ideal!z®'i ,p3?%0rfei®»al liiills h&TO gigiaifi'«i«e© otber 


















































r 4- p-^hii— ~fT~ I = -^ . CT" 3 X''^  "Sy^^oy^ '' 'dy''- o * a 
Th© qmanttlf "TF ,1B %h® 8«e.©M FE.eia.ia smtewhat: ai-Mferarily 
a«s«©i but s#«s %© ehiefisk fairly m«11. @3cp©i»i»«nt;aJLly. 
afM t%pw#%w®l s%#«3., . r b#e«®8 lasitj. 
I©w©v«3?:p th« first pF#0.©a%atiom of a solmttoa ©f flu® 
l^at# bmeMtag ppebida mm aat# bf B^ yaa C7) ta a.&91« Bryan 
ms#€ tli« wMeli it ^  ^fpeaciaat® «©liiti©B hut 
i® mtwiuHy ®ii©^ :b iQ» ail praetleal pieppos®.®* 
fli« **:app3?ml3iia%i^ a® «l«t®nt lit® im %h.® fm% feiiat %h0 
of tb® bii#ia#d ernrr# wist b« mi la r&p&lj fclie mmt 
sMp« ©f tht attniil bmeldet flmt®. "©aeafgy** 
•eau b® mm^  f©F any e€«blimti©a #f typ®* ©f ®%® s'^ po^ t 
whmmmn ia »m® mam • tli® caMot b® ms®d*' In 
felte an-aljti®^ al liiir«.sfeigati©a ©f el^ stif. thd»"«>wall®dj, 
yftetangalar «#®ti®as stt©.b ms sm ia aii*©]paft^ %waiqvd»t 
C23j f©Tairf. tb« ®#i«|.srgy* atthoi t® agr«®' idlifeli tk® ««aet* 
a®%li0d fe® "urltliln a fraetl®!! ©f •#» p®j? #«at* 
p3?®s®Bfe«i ifeht© »®na.tl©ii ©f m bmekl®i, 'plat® wllfe all 
«ag®S: siMply • 8^ po.i?t«d • a® 
the ijy»ti»i@isa««« e©®ffiei®at "te** 1« i©p«aient om tl» l@i3g^ » 
id.dth if&ti®. -^ /h ®f tb® plat®# ..ftMOsfe®^ :© «»d Hill. Cl^ ) 
8 
h&m sifeows tliat a glwa ©<lg© V r«iaiiis mm%mt 
im .«S1 I'QBg • pl.st!is aM • el»ag#« -owHj • m mrj Mall .amount if 
2. or 3» -Itll |lS|-asi Matabets.©!!. Ij-Ol .Mft Aoim tlmt 
%h& ©f #ig#'0mffort at. til® loaded ©dg#s. Mi'^ s® • 
algaifitiiiife mifm% om -tii© Mekliag ^ aj?ac"&ea?i®tie# ©f m l@i® 
flat# m |)# il0^ hm .A©wa 
th.#©i^ '6i©ftlXj plat© %,itht %!!•,,«%#•» ala^ ei ,, 
iBte' mm leijgtlii 0,»f %$mmB tli« width .©f 
flat# m& -about 1,0 tl»«s the niStli of plat# if 
til®. #%#f me st^ ported* • -
It f.f. emst«ft3py (Z^fg. '$$} t.0 ^0m3?s^izm th» Srfm. fom'Bla 
m 
rr - /<7r^^ /z(/-/^^) jby^^ 
©a th,« .rati#, -^ /fe sai. ©m ©#Ki(iitl©.i» ©f #ig,® 
•«i;^ ort# v$W,# f©3*ala iaiai#.at#i thst tit® «ritieal btieiaii^  
atr««» ©f th# plat# is ii3?©etly proportional, to th# 38io<fea.u»' 
of #lsBtieity fox*' th# »a:t.®3?tsl. «iBd frofOFtioml. to 
th# ©.f the width-thickness ratio o.f th® 
4 aolmttoa fey th# fcall Deflestioa fh«©i?f iasrol-r#® th© 
lolloMii^  a.f.8*Bffi^ tioai8- .aad llMt.«tioiiii. 
ia) Str®@««» ai"# b#a.©w th#. p'risftortloml 1-ialt. (For 
®l.mitie buciaing.l 
Ch) ,B«fl©otioiia ar# small |i,»#*» oomtderahly l«#i 
than th# tlitetei«#« of th# fist#!# 
9 
Ce| • Hidl,# plane «f • t'ii#-fla%«• do«ji • 
It) is h«i0g®ii#@'tt,s mai 
I#) • %pl£»i' Mg« "liiitdiisg Is pewtmttf «ia3. ii»#- mif©3»» 
• (f) • Eig.#»: ®f th» plat® yaaaia wi^  »© lateral 
• Cg| ^ f®ail%£@as of ®ig# s^ p®i*l» «© Icawfii, 
M i®ifeial o»' 4©#.i »©t- ®xisi% ia %h« plat®» • 
(g) an4 |li| iti»« #f «lgiif,fl,e«Be« in 
lliiltiiig feh# S0lmtl0ii»' fhm 
©f #4g@ f%p©i»fe' fflad tbt-Magidtmi® ©f Imltlsd. 41it:©i'» 
tl©iii ia'thy#'flat# . ®@asld#r&fel© luflwm©® ©s th® Magai* 
tmd® «Jt eidtleal IsweMtag «tF«s» «r tfe® plat# 132, 
l«»e® it ii iii|>«i»«ti"r® tlist tii© ©fftets ©f thmm faeter# 
a. asga 
Si# .i©lmti©B ©f til© plat© liag# 4<®fl©©tlo3a«' 
hm» t}i@#s gtv«a hf f©n ^Sa^ asa#. fla^ rtxeiito,. aa4 ©tlHifg (ll|., ta, 
28# ifi# l|9.)» IMs Is Iia8®<i ©u tk® ««« *is«^ fsi0ii» 
ami Itaita'tioai m fell# ^ «11 l«fl##%i©a ®x®®p% tliati 
Ca|- If «fe3p«te^ isg ef plan# cf 
'tb.® • 
It r#eofais@s lm3?g« i®fl#e%l.#»s 8®T®r®A tt3»»» 
%li@ ^ leteess ®jf plat©),* ' 
10 
Ce) It peeO'gnlESS feimt feh# applied ©4g® is a® 
l®i3g®p 'iiaifoCT aft®r fetot© ©Fifcie*! femeialug str@»# 
i« 
Ci) 1%: maimeM' tlmt' th,e TOl©a€«t ©f tta® plat#' 
iem.&tn. str&lglit' iwing 'bmeMlsg: with l«xg® 
AeeoMiiig: t#" ffnQsMnte aiB«fti#a H} is: ®mti®fi®i in 
fi:p«rla#»ta3. if tM® i^lat® at 8tsp®i»®a w®ll b®!®# 
mm px»@p©2rtf©Mil linit ®f' th® aatarial,: &w®ir©i*,# tkia 
assiwptl®!! pla#®i a smrims liMitati#» ©m tfe® if 
bttekling at Filatiirelf Mgli. st»ss®s», MXa^g m befor®# 
iOm &&grm of #<%« md tfe® #ff®et ©f' initial i3?a?®gii-' 
lariti®® ia th® plet© awst be €®t®«i»t exp«i»iii®iitallyii: 
3.' Uttaat® str®33gtli ^  M mMM 
f&«- •tatiaiat® st3?#ii@lsb> ©f m plmt& m&y b® mmw tira## the 
.©Fltieal btiekling str#i%th Cl|.©|,.: 57)»- ®ki» is tra® in the oms® 
of' a -wii® tMa plat® which bm©.tt®s at m st:r®is well b®l0%r th® 
p3?^ ®rti®iaal liait @f the aatarial, Im a ©a®®, a® th® 
plat® 'bmelpL®®# th® lead eai?5?i,®i hf th® e®mtral p©i»ti©tt ®f th® 
plat® iS'. • throwing m attiti^ 'iial i®®!t 'lapoa tai® tw# 
8i|>|)©i?t#i »ig®i th# plat® which are net as fi»®e t© biiekl®, 
iiltimat® l©a€ will aeew wh®m th® jtelA p^ int i,« 3?®a6h»d 
at th® ®ag®». Mditiaiial loadiisg' pP'odmeet mmsulm <i®f®w«» 





fig* lt.« Str®»» ©f BtaeM-efi, fla.t«'1ij the 
erltieal bmeiaiiag p©iafe» th® will b# th®' tifferene® 
• the epitieal and th«^ mltimat®' 
sty«33gth of th® plat®, 
f® d®t®s»iiiii© the ultiaat® leafi m plata# f®a Jtomtt 
€53) th@ *®q«i¥al«at»witth* e.®ws®ft* • S®#'Figw« ii..* 
AiswiJsg siaply supp@rt«4. he- fmsv8> that 
p - 7r 
yjcT^) 
Siac® ti?m« hisg®d»#%# smpp©rt# at*# i^ #«sihle' t© 3?#&li3B» is 
praeMo,,. th, to™ ^ 
0 SO that 
f#n Ia»aa 1^ 3) ha« ©hewm that if th® ea?®-#.! s®eti®» if#r® %©• 
b%€sJtei.# t.» sthomi is H-gw® thea t s l.f| if it® im Mgw® 
12 
5b 0 « the l3ia«kl#d ili&p# ia s®a®wli®3?® 
fe®1sw«ii ' %w© lene© 6 '»ist to® 
«:^ ®i»iiffi®atally« % thii tfa# ulttaat® load l,s 
5® 
•Hg* 5* . Assiam«a Shapes of 0i»©ss S®@ti:ans toy IqiilirtieBtJ-lllttti 
Methoi# 
Indepirndtrnt of th# wlifeh l®agfeli of %he plafe® .aai.. vstpl®® 
- m . , , 
. ®<imi9'aa.®at;»w£dth aofehoA it ,pai»ti.©iilai'ly Fstlmabl® ia 
smeh eases at the' design of a®3?®iiamtl©sa »l;inietw#s itoei*® 
mrj tht,a factious ,ai^# ms«d« H«:r# th© tsftt.iaat® is 
©ft«tt im€k l&w^mr than th® @rltii®.a3. towkliiig 
viiitol® bmaiaii^ omtmm lf>n$ h^fm% th® -Ktltiiaat# .iti»®i3gth of 
the flat® i» reached. Weight di»aad a 
i»®e0gi3ifei©tt ©f ,th® fall sti*®3agth ©f th® aatdidga.* ,-11®% 
Vi-sibl® **wi?ii&liijg" in tmt e.@»tid®i?®i ©l>J®«ti0ii«hl® %j #itai«3? 
th® d@«igair ©r th® rnn®^ of th# ttymettai?® a» 1@e® «« safetj 
:r«qiil3»aBi«i>t« ar® a@fe. 
la 1^®' field ©f ®.agi»fipiag, this a@th©d ha« 
h«®ii i»s©:i^oi»at®d into »««« sp®elfieatioBs CS) ooTdring th» 
d®sig» of llght^gag® st®«l :shaf«s» H©w®v®y> its us®falm®sii 
i», ©xti*ea®ly limited is th® eas® ©f Btrmtmsl a®mb«3?» of th® 
p'j»#p©fti®iss e«a©aly f@«ii4» Fo.f %mmmj, sfeoft e«pp®s«ioa 
13 
sh-oiald to# m that th# tatlr© e3?08« saetioa 
Is ftilly, ©fftisti'T® up t& the jie%4 point ©f th®. «at©i»l«l. 
($9)^  I#©isg#,p e©i"»ia:, TOhJeet t# pi»Sm»3r fallmr'®# «© it-
sl^ ®4 f©i» primary tomekaing ©n the hmsis that th# 
er®ss s#tti®B is fmiy ©ffeetiv#, M&m® th® sraal.1, idfl®©ti©ii 
eritleal. b«©M.iag str«ag:th ihe'ttd to# #q,«a3. to or greater than, 
thi prjte&ry ©®lm» 8tr®®gth t&r mj ©«pr®8ii®a mmh^r i3%)m 
Ms#I in th® field @f strme-tural ©aglaterliig visibl® 
wrliAliiig i» mt s«ii®ral3.y e0msi4«r«d, p#wis®ibl® hy @ith»r 
th« d®sigB©r or th« its®r« ©f th® strmetur# C2?)» 
ii-*. Q.^ har «iia.:ftieal gtMi®s 
fai, .Iitiiiitmist,, mi. Batd©rf llij., p* 8, 10, ll|.) mat® m 
analytieal s^ tmdy ©f a s<|mar«' plat# id.th sii^ ly smpp©rt®ii 
•«%«» iisd«r mt^  mS,tt^ m ®%# loading t® th® 
®ff«et ®f aaall dt-riatioms fr«. flata®®#* ' Stoi® ©f th® 
p®rtiii®iit «s>hs®rrati®iis and ©©uisliaiieBs reaehtd as a rts^ iilt 
of this stiady ar® a» .follotii 
|a) liJh®n a plat© with an initial d®viation tmm. 
flatness is subjected to compression, th® 
deflections that result from application of 
load grow very slowly with the first iner®-
ments of load but grow very rapidly as tlis 
critical load is approached. 
(b) Since buckles begin to grow with th® b®giii-
»ing of loading for a plat® that has m 
iaitial deviation from flatness, ther® can 
b® no buckling stress for an actual plat® 
in a strictly theoretical sens©i however. 
Just as a defined yield stress has b®®m 
u^ . 
f®mi tm a&t©rials feliiafe hme »© 
litis strea#.# to a aefiB@4 ImeKlii^  
or erltieal stress f©r a plat® 0m mmt®j 
mmh. aeasAng t© tli^  «»gimer, 
C®) ®ff®etiT« width fer lo«d»e,&rrjiBg ©apaeity 
©f ft flat# "witli aa iMtial d#^&ti©ii fwm 
flatn®i« i»,, at Talm®a of streis* l#f« 
tfeaa tiaiit at m initi-aHf p®rf«iit plat®* flai® 
®ff®etit® wiitibL for stifftotss against fmrtli«r 
©«pr®s®i©m, li©w®ir®r# i». l®s« %hm tlsat of a 
flat flat® at stress®® to«l©if tla® tfe@or®tieal 
©ritieal•str®«s bmt gr®at®r at str®»s«» afeov®, 
fk«»© ar® ia agr®«Hi«at with tii©s« pr®Ti®m«ly 
®ESJr«s.s®d fef W®st«rgfts3rt 
Mil (15) im» |5r@par«d m .fi®ri@s of ©hart® for valmo# of 
"k** in til® Bryiua f©i«ttla f©r «a»y tjp^ m m& ©f 
«dg® si^ port a|.®iig tli® iiiil.oai«d •dg®® ®f it. flat plat®*^  ffe® 
•••mrgy" w®tli©d i# ««®i« 
Several exe®ll«nt tti®®r®tie«l tr®ala®at# li&'r® !>•«» aad® 
of th® |>r«1>l®« ©f bmeklirag- ©f m flat .r®©t€ffigiilar flat® iuid®r 
& e©»iitios of ®lasti© restraint agaiast rotmtioa along tla® 
•anl©ad®d ®dg®s, ,jn ®.<jm«Lre# el©»«d a®®ti©ns with lAl ®ii«s 
6« m 
Fig* 6, Btteki®d Ores® Seetion® ©f Hollow l®etaiigml,ar Maife®rs» 
Osf Cfig* all' plat#» b#©®®® tlastieal'ly 
mstabl# afe's«© ti»«, ai.m.ii vUm mj' m% plat® !>©©«»«• 
mst&bldj it i» aot off®p«4 any ®4g« 3?#st»iat ugaiiut 
rotation hf tl»' two .gmpfortiisg idilek hsw 'als® a?®a,eli®<l 
a Stat# ©f • iBsl abll Ity* • la€«r' smi^  a  ^ $xi& 
m »iapf©3?t »amts* l0w«ir«y, in fe# 
©ai:® of -to^ qmal wiitlis Iftg. 6bI,. i&#» tii# iflct# plat»» . 
a]^ r#a.eb' instability, tto« ittupyew plmtss ai?# a till st&bl© .ami 
off#3? •» against .3?otatl#B t@ tM® ©%©» ©f tb# Mid®p' 
pl&t®i»' In this mm • 'fbi» r«ftilt» la a Mfb®!? 
VitiM#' -©f %* ill tb# %yiKa fowt-^ a wbea ©saprnting 'tb® erlti©^  
bmcliliBg ati*@8S of- tb.® • nia®!* 'plat®-!., 
.I#«iiil^ Tai«t and St©w«ll <27) biiT« »*aitt«?i»«i tb® w&lmB 
of "k* in thi# tomvUm. in A&t t&w ftat- :^ #®tftngt33.i» 
flat#»-f©i? tiMi mnAitim of «lasti-e •x'estF^ .ait ^ aiiwt 
rotfttioa "along- «iA©ai®d •ig#8. fb© and "energy^  
a#tb©ds tb® .B&m& tjp® of «ig« e®ii<liti@iyi, 
'Slsleb C6) bag d®t«-sw,ia«<l a metboi f®3? flBttsg tb.» 
»*«©®ffiei#iit ®f i»«»tr'®i3at" mM finally tow tb® Br^m 
&£« siiipllfi®€ a#tbod giwm mamtn wlii©b are 
sli#itly la mmw bmt i^eb »#• ©m tb» mm&rwsLtirm sia# -®f-
tMo»# givem by tbe m@thod^ 'fliis sm# p3»©bl«m- was 
ap|i2»oaeb«i by ,^ ®11» W..ab®3?, asfi H«t»®il (201 wk© m»®a tb« 
aewent €lst3?ibmtl©» attbod t© d#t@]mim® *k" f©j? tli© Iryaa 
Rsfsitila,#-. 
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•  f i © 0 k - - a a i ' h a f ®  p r « » t a t ® d  m  & x t i m $ l r @  s v o m a r f  
of all, w03Pk •published mp t© 193^ ©a tli# ietign of 
-atrmtrnms priatipallf as applied to al3?i»l«n® 
a##ipi'temt applieftbl® •fe® ^1 %ljia-w«lliida-iiit*«M» 
Nm@mm- t-^ platlsns of.,- «tt€ aWlti©as t©# til® 
«iilyfei©al^  of feh®''fettekl©i plat® haw fe©#»> fr®»«at®(4. 
B&wmmpp all mm toa»#d ©a th& fteiaieBtal gTO'tttti#©i?k' prmviomlj 
B. fertiatat .l3Ep#i»l»«Btal lawatlgatioM 
Thtf m'&W'Tmm ©f s®e@iiiai*|' feiieJdliag 1» »«* 
htai %mm ofe#®rr#t la ®jqp®rt»#»feal w©3fk for mimf FtiuPi* 
S©a® of the flp-st •pmbllsta.ei &«©®mts ©f ®xp'®i»ia®Bt» immVfim 
loeallK®i btKsKHag ©f e^ j?@8Si@ii a®«te»ii (l?» 38) w®r® aai® 
Aa %B$Q hj eiai"k wh© w®rk®a witli.#tiii mmhmrn ani Ifeir-
horn ybi© i»t© tla® Mtmngth. of w@iJgiit»i3f@B, plat®i* 
a&w®wr, ©eO-j ia ftlatlvelj r^ eeent jmmm hm^  t®st» h»m 
p#i»f©fii®i wMela ar« of .®t®«ilal iigalfteane® intefar at plat# 
#l«®at« ©f tto,® aftt®i»i«la s»4 tjpms of ®®»it3?*i^ ti©». m0#i ton-US' 
mm mnmrm'A^  Son® ©f tli® slgJHlfieaiit «a;|>®Ftii«iital t®st0 m 
t&® heh&vim ©f a fltt plat® l©ad®i axially ant i^ fomly ©a 
tw© •«%#» id.ll b® 
m%^mn 1918 m& 193$» tla® talt®<i Stmtf» Iatl©a®l B«3?®am 
of Staaiai»-ai pi&llsh®# th® 3?#siatii ©f «e¥®rml t®«t« ©a tli®' 
femeailng ©liapaet®!'!sties ©f plat# «l#»©Bt»' of 0®^ r«.ssl©a 
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mmh&m Cll, 17# k-3i kh» ©f feh®s© whioli ar® of 
speeial sigmifieatte® &re •'fch# t«sts oa rull-sla® eolimn web 
pl&t0s &t the ©©lawai*# Si-rer Bridge C.3,7) tii® tests on 
tin# aeieli ©f th# st«#l ek©i*d a«te®rs of th® B&jomm 
Bri%« {l|.5K tm Si© lelawar# liwr ^ tig.% sllleoa-
mmg&mM® st#®l |sl&t®s utr® ©ma.©s#d on all ©€g«.i hj hemf 
fflgles md el©s#lf i?i«t©d»  ^ fla© aeabers ©f th»,B'«y©m@ teela 
"»©» aad® 0f earlJOB-aaiigaa®«© the oros# seetions 
the •#©ubl0-»li€)« tjip# with ilmplii'sgiai aai ©©ntlMou.®. w.alls. • 
file cm&T 'plates w®r« attmehed at ©a«ih tiiiloa€®<i ©ig® to, m 
with a sl^le mw ©f 3?if«ts*. fh© feA i^atl© of th«-
eewr pl&t© l>efcw®m. Mme of rivets wma fh# eoT©r plate 
h®g»a t& hmkl0 &vm its mttw l^iogth at 3^,000 psl mwen 
tho'tigh the fi©M point ot th® «st©ri.a3. was 55*000 fsl, 
Wyly ($9t F# 73J h^t-s »iiiaari2#a th# -e.^nelttsloitt t© b# 
trmm fr<» tfe« Ktlawar# Eiwr brldg©, and Bmy©i»# bri%« tests 
as 
• 1. l©^ ia#try t«jMitl©iis# 
(a) Only a simply fiopported edge condltloa ismj 
b© safely aasmed in designing. It is atlieaa 
possible to secure clamped edges. The nearest 
approach shown experimentally was the 3/8«piiieh 
web enclosed between two heavy angles ©m #adi 
edge and the whole closely stlteh-rl'reted to­
gether, ©le angles were V^-ii^ch thickj in 
short, the total thickness of the two encloslag 
angles was .four times that of th® web. Even here 
the restraint was not equal t© th# elaraped 
eonditlon. 
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(fe) at»gl,fis of other aatorial siippor'tli3g 
th© edges amst be stiff enough to prevent 
' displac6ii©nt of the ©dg©s of the plate. 
(c) The spacing of the rivets connecting tl» 
edges of the plat© to supporting angles or 
other stiffening elements should not 6xoee4 
about ten times the plat© thickness for all^y 
. st«©l« 
• of ^ initial-Mi&i • or wsf#s In plat®# 
(a) Th© effect of initial kinks or short waves 
in the plate will b© to lower th© buckling 
strength materially* For th© ^/S-lncfe plate® 
in the Delaware tests, a short w«v# of l/k^ 
- inch double laagnitude reduced feuclcllj^ strei^tlh 
about 23 per cent, 
(b) The thinner the material the greater ie 
the probable effect of au<^ kinks. Probability 
of initial kinks increases with decreasing 
thickness. Magnitude of kink coKipar©d with 
thickness of plate becoaes greater with de-
er®asing tMcteeas, 
Sttmt- @f l##al bmcMling;,#, 
Xt is unsafe aiwi uneconomical to use an elaa&nt 
with deficient buckling strength even thoug^b 
oxCLy part cf the section is counted, Th© 
effect of local buckling on one element is t® 
initiate local failure of the remaining 
elements, 
Is 1,931 and Bach p,, $3^ published th« r«-
flWit# of a of testa m flat pl&t®»» fh» 
plat©«; w®» TOlfOMly load#d on ^poslt# #dg#i and th© 
leaded ®ig®» if«r© s^ port^ i 1». t^ gmorm ©f t, t'Sgii fr®»«* 
JO-l th©' plat#» w#r« 2l|.', in#h#« l®agj- varied ia width, frea k ^  
iaehts# Md vari#€ ia. ^ ckneii irm 0<Ol5 t© ©.095 
©uralwiiiMji stainless iroai,, «©m#l ii#tal.j|.. maA nickel pl&t«8 
w@r© mmArn S«® of the c.#nelufii©M reached ar« m follow* 1 
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1, lb# plates of this i»rtstigationi • plat#i 
le&ied ia the direction of rolling, bmcls3.1ng 
oeomasrti at loads less than tho Bryan load. 
2# Sccopt for eases noted below, the plates carri©dl 
loads abov® the Bryan load. The wide and thin 
specixuens ill particiilar carried much greater 
loads. 5!he stainless iron, Monelmetal, and 
nickel plates i{. inches wide carried less than 
th© Bryan load when their thicknesses equaled 
or exceeded 0,06 inch, 
% Th© aaxisim load carried by a plate depended 
far more upon the thickness than upon the 
width of the plate unless the plate was narrow, |Ib this work less than four ij»hes,) 
la 19t|.0 Holt 'Cl^ i,. p,, publi^ ei. the results of tests 
©n tj of hi^ *strei^ th alwiaw tlioy and of idld 
steel, fhes® sections were of vartous ihapes eoaposed of 
•angles, platesi »i channels,' Sath •©otion had a. slendernesi 
rati®, of about I|I3 and a #3?©»« sectional area ©f about ? to 8 
nqmar® l&^ mm Som« of the are as follows t 
1, For low loads the shape of the cross seetlon 
has no significant effect on th© distribution 
of the stress; but for the higher lo€ii,»f the 
specimens with thin outstanding plates hai*'© a 
pronomced variation in the stref», 
©le shape and proportions of the cros» section 
have a sijrpiifleant effect on the ultimate 
strength and the type of failure, whether by 
bending as a unit or by local buckling, 
3, fh# type of failure, whether by local bucldLt-ns 
of a e«®>onent part or by bending m a uaitt 
can b® predicted as th® type of failure corres* 
ponding, to the le.ast of the strengths e@Bi|»uted 
by the various equations for critical streis 
iffltd'oeltsan strength. 
In order to avoid fsiltsre o^f short eolujsw 
Cl/r ratio about UB) by local buckling at a 
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load 3.#ss- #1811 tliat f ©r ..fchie eoli»a 
aetiag as •».• tiait*' wlitli«to*t^ 'eto«s»^  -
ratio of outstandiisg plates and legs of angle® 
should not exceed about 12 and tiie ratio of 
width-to-thlckness of cover platsi »lth a row 
of rivets mar each ©dg$ should mot tX©©®^ • ; 
about i|.0. • • . 
5* liOcal hmekilng will not itlwafs i*»«talt Im th®' 
collapse of the entire member, but may b@ 
only a wrinkling of th© buckled part* 
Jp *iat#r (Bit w* 551). P^ hliihed resmt# of m «x» 
t®nsiv« of tests oa^  light stru^ sfural .shape# fr«. sheet 
8t#@l, 'fh© m«ah®rs ituil«d-w®r« .of two types? la) ia.^ ®rs 
with o.«ipr®s.s.i©a iXt^ m both of i&ieh w#r® #dg® stiffened 
Catteh &» t&p of inverted ir#»be«t||> .and Cb) m'«aber« 
with cn^ ression flanges with o'ia.y on# .longitudinal edg«. 
#tlff#i»t ismch ai either half of a fl«ag® of an l^toeaa.), fhe 
mMber# of th# first tfp© t#®tei varied fsw 3.i|. to 10»1 
iaohei iM «idth, tmm §.^ §^237 t© O.litiS inehei in. tltle.kn®ss# 
froa l«l|.9 to 8.».00' Inohes in depths and frm Xk*3 tO' ITO.® 
for Values &t' b/t ratio. •'&»• t^iaivalent-wiith o©.n®®pt w&a 
used and wmMm form^ ai for d««iga purp©##« were derived. 
An iapbrtant eonolusion reached for fli^es .»tiff©nei al«aag. 
both edges iS' mg f ollowsi, -
i^jiges with value® of b/t to about 2^  wre found 
t® fall by simple yielding, the full area of the 
flange being effective —• that is, the stress is 
of uniform magnitude across the ^ dth. ftor 
flanges with larger vsOLues of b/t, deflections 
®3ad ^timate loads were found to err on the 
dfOQgerous side. 
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Wimm conducted a series' of t®sts'0a 'liollow l8*8 
sfcftialsgg ' ©fee©! seetions wi't&. about the. •#«« • je-aag# o,f b/t 
Tmlu©# a» «0®i biT'Winter, elo'stlj eli©ek©€ thos® 
©•b%.idLii«d % Wist©#*' 
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.•.III, . • 
^ A» HaterJ-als 'and f©ifc 
.Igtcii mmhBT larai fsliyl@afc«t• .©riiBary »©feli©d«: 
ff«, a hot-rolled, jaild, steel plate, Bada flat# was 
$oid-bent t® til© pmp^w mi J©ta®i & si^l« 
.longitiidiMtl weld alomg th© middle mi one sid® t@ fewi m 
^oaed r©«ta»s>ilar section, fb.# welted tS». ©3Ct®3?Bal 
•suffae# of til® wm, gmmm lewml %&• ishB wall ,or tl» 
, l©#ause th©. ,0om#Fi ©f ^ tli© Wf© ©®M*beiit, 
»ti»ad:a Im ttm.. m^sg0 Is, » di3?##ti©a fw 
l»#Mieialai» t# fcli« l#Bgitmifaal axis of fch© I© attw^t 
wai^ aai# t# 'IM# • ii©a<s# tlti« • stMT £« l3-as@i tif os 
til® hmhmviov ©f flat®* •®.^ aiiti©»ts itteli • eaa prwail 
la pra.6tl«®.* ' 
te® l«i%-1& &t ®m©la vm aai# slio3?t t# 
©liaisat® •^ wMms'- eeliaa a«tt®a gafrieient ^ l«agt& to' 
iaiieat# mmMBTf Ismekliag ete»a.«t«i?istie» sf • a l®i^ g 
flat#* III mdditloB* ©ffeets ot 'teystoiial tmstiitoillty ir#r« 
«K@ittt©d .sin®# tim umtlmmB 'iWJr#' e3 -^s®t .a»t Imt d®«fel® «©• 
of C19)« aaii#tet»« ©f flat#® wm: aufi 
'WltMa ^aeeeplaWe iialts,, , 
flt®/©adi ©f aill®4 ia m ¥ai¥©yg:isl 
jsilllag tli®» "sp®tt#i in" fey filiiag to giv® 
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©nis'si flat m fyaefeieabl## Biia i©m© by usliag a mitf 
tbiB e©a% ©f feMiaa Hlu« ^ aiaM,»g ©ti m tit# siaiTa©# ©f a 
rlbbdi wliiek wm 'teem, t© %# slja^ st peef@e%ly 
flat#. 
F®H3r uefi## ®f w®i»# mf as stowa is 
Tmhlm I, Bmtes^ A ««« iesigii#d t?# iatleafe© feht of 
©f ia©4®2. «iil.y«l» milbg ordiii^ y top aefeets ©f 
t® %m .fiiallai? 
ik©#-» ##3^ lji©iia, aeliial-lf %h@ wmm m% mxmtXf 
»©« 'fbl« 4%a3?tu3p@ tTm §#<»®t;rt©al slnrillaipitf was 'dua fe© 
tb# ©f Initial i» tim flatiet, 
yuaii ©f' ewratiir© ©f th® ••©©»»§.# a©a^ «««tidefii 
•siiaiiarity i» 8i««» ©f ^©f lieatiJigi njit otiter 
tmtov& of l®i:S«r »ig»lfieaiie©« S#i'i#a B wa# t© 
g«iiwaj£»« tM8 s%»iy hj msliig i*@#tisgttiaip as w#l.l aqw» 
«@etions. B^ wim # m» d®»lsnei m# a ©a ©tli.®3? aflaab©!?# 
aaat fe@ Mhrn whwt&sr m pwi^ m' ratio ®f tw® 
»ub»ta»tially tla# ssaa® m f3L*t«s;« Bmlm B 
wm» f»vi^i@4 t© 'to •rang# ®f tiltt#,# ©f fel» b/t 
«Bd t# cl»#te mm I&# a«b#r»« 'fim b/% ip&tl© 
©f ^  t© w« f®lt tm b# ©f tlit i^ aiige 
m&$t MlJ»3.y t# b# ms-eA f.» tli# ff «14. 
> . 
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• • b. • 'sqiiipaeiit ¥»#a 
Mil of aaia a«ife#3«s wmm m,&m with a ^ O,©0© pomui, 
t#»t£isg «®,elil,at* 13L«etj?ie attain. g®g®# 
(SR-lj., ffp# W0W9 •»«#€ iti»«s-»-s'lMiia dl»« 
teibmtion. £m ®i© B&ldwiis-»S©utlw«f"fe: sferiiim 
3?«e0r<i©i'' a3at tli© baldwin»&>wt;hsfiii?te l|b»g«ig® aat'«miitie 
mit wem »#€ :reai s»4 tli® tt-ieaia 
r«ad:i3s®a* ^fe© flat# ©©atTOF Meter wm a©iig»#€ mS. bmllfe to^ 
pro'-rit® a M.^hly f#li«bl# plaa® fim 
a®asw« fel» '©f the •'lal©®### flatus and t® 
»«gts^« ti» l3iwi«®mtal istfleotiont of %lm i^lmt»» 
irayioiia ©f fw© Mm 'ilali iamm faife«ii®€ 
t© %ii«' t.®p^ 0f th» me%mT %•& IMieat# mj r®lAtiv® 
mofm&n% ljet*«#a %h,m »«%#» m& tM t®8tlsag aaeMii®# 
fss' ae'eciwi,©dat« th# f'fttilttl©s ©f wm ©©a%@mi» at.t©r# tms? 2-
iwh thick 8t®tl *»# flM#t fe#twt»m tl» XmmT enwi ©f 
the a«l>®y' aad th® li»4 ©f th# Mm&h l^«t® • 
wa« aill®A en side i* d#«»iptl.#a mA d«t«dlg of 
e©».t©t» «## A]pp®.»iix ©» Si# eeatew, a®t«r wa# plwb-,#d 
wit&. the ««# 0t a pliwfe toy a^aiwliii th® dl»t«a«#i t© tw® 
st»fae#.is «m. the ip@i»tle^ ai«®m1ily of 
th®' e#nt®w a«fe#r. 
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Pig, 7, General View of Test Member and Testing Equipment 
27 
General View of Plate Contoirr Meter in Operation 
on Testing Machine. 
9* CloS8<»l)^ of 
Iflg Hechawan of Oontour Ifeter. 
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.aiae# th® test »(wfe®rs w®r« sh#f'*fa1ii»ieat»(i mi liat 
ratli of ewiratiii*# at tli© ©©Faer#  ^ It wm «tfe«#J.y 
diffie*3Clt t« a®t®»l» til# %rm &mm ^®eet£om®3L M?®a hj dir®et 
a®®gii3?««#iit» I®ae« tto.® of ©aeb wa« ®<»i?ttt©4 In 
t©3»s ®f its wtlgfet, mim til© wl#,t ©f th& mesmhWf afll®i 
l#i^ tk, m€ tdnsity ©f th® smt©3Pisl« 
A%% mmhms |,®ai#€ m€ t#st®A with flat 
• anii.,# '©i® Igai was ,a^3.i«€ at l&» #nd ef ©aeli maab®3? 
throv(#i ft 9fbs3tl'Q&l»hmmlm t@ ©Itjaimt# tim #ff®et of 
mf «all B@»»fe^®iiii.etiaailty of tli® fl«ii#« of th.« ©jais of' 
tl4« aiwtoiir f l^atiir© to tMe lengitudiiaal mtn of th©- itt«b®3?» 
Mm^h mmhQT m-m e^fftally th.© tpl»rical-' 
T3es3f€.H® keiuft rotated siit adj'mitet Jmst t>©f&» .e-oa'lng: In <50»-
taet with. th& a«feei?«, iliglit a4|m«lsi®'iits w«i?# aai# ia t^  
positlen of th# mmhm t© equaliEs &• amali a# praettaabl© tli® 
stiPe««*sti*ais tiatidljmtl#® at t&« f®mr co»«r«. a wall 
lead. B»sfit# til# Sttfeful p3?©csdw# subA th© ©are-
ftA, •**s '^©tti»g-lB" ®f tb# -tuts ©f tit# t®8t me«b®3?0» the ls.©it 
that 0#ia.t Is® e@aslst®»tly •©fetstiaeA in '©quality of measw©€ 
st»iBi at th# tmm ©f'a aMb«r wa® m yang# of abwt 
±1© p#3r eent ©f th© aT®3?«g® aeaswed @t3?ata at th# few 
eo3ra®3?»« 
• f»©. sti»aia gag»# wmm plmeA ©» ©ac  ^ mrmi? at jaiid-
©f daeli m<m%m t# d©t#Miai tlae stre^g-stapata 
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Mid g®aes»aa. li#feairiOF ©f %im a®Mb#3?. 
t© amin tfiitt, tw© t@at eompons 
tateii t-em -m^h afe©0k ©,f mateirial ms#(4 in jf&fejplealfetnig felt# 
sals aeafeer# wmm t® the aMtsOLui ©f 
ft3.a8%l®lty md th« jj.«m tkt ©@t^ «iis ©©•iif@«#4 %© 
ASfM Bm AfftniJlx M* 
at© pa?®3ls*isft^  t© tli® !#»%»,• -a ehmU tesfc wiui 
mai0 mslag, tl»« Sl*l|. s®aiial.iig t-li« f^ © 1$ BU*k 
mi E«gg«ijtowg«y teusMtfeew m tli# aw® 
®c>i^ ©a miad«3p 14#sl;l©«l. loadii^  @0ii4iti©»»» st#' jpf©ii€lx f» 
Sine© readings ooiad m ©tflf %m 
afijaesnt sidus ©f «a#k'liinte©?!,. mn m ral# tliii »id® 
»©®li fisibli' £»®smla,]^  *&« eM©®©a &« mm ef tli# sii©-« t® 'Is® 
a®asw«t. fi»©fil« rmi^ irngs wmm taksa ^®Bg 'fell® ¥«i»ti@iil. 
e©iit©r3.itt#,» al&ug ai« tw© •4f®s, aM ia am  ^ m»m ®a.#isg-
tw® iiife©m#tiatt® liaast ©a ••»8& mf th# tw© sii®s a®iis«p®d» 
D«fl©©ti©ii i»#a<iiB@g w«« taken mwQ .loadlisg,, at rmiom 
iii@i»«S0Bt» of 3L©iiiii3g,, m& fallui?©* At »mfsk imwm®m% 
«f IssdiBg, »%Miii *»»«iiiigs w®i»# at! the tmv ©f 
tbs mmhw^ 
fto®. line# ©m «eli «t#r£©3* stuKCa©© ®f m. 
wtj?# i#sigaa%## hf I t©  ^aai i»y J fc© 3 
a®iiat« pi»©f il® • l£s#« #©s»# f©i»fcs ©a m&h 
w^m 4®0isa«t«a in s«tm®»©@ fmm %'op t© botte® hj l@ttm9 % 
bt e, 0te« Wmm w%m ms-«d t© i«slgB®t® th® f©tip' 









^ iv» FfissiOTATioi Mm msmBstm of 
i,. <3©apai»is©ii ©t a.®oa?#feleiyl fm% o^f 
fidtieal Bme^iag Iitadsf ^Fivattoa. auA 0'€^a3?iion of 
•ffii® %©» •"•©l.asti'# biiekllB® failms?#" of a a.«ib#r will b® 
mse4 fe© failur® £* by efltleal bueklli:® 
of a plat# b®for# feh© yfeli. peiat Is i»«a#lie«l at any mrmei? of 
a.oibti?'* felit t^m *tii®la;ime bwkling' failur#"^  
of a a«ab®3? will b# ms#€. t# €#3»te f®l.lw# whieh l§ mt 
mnmd prim&rilj by ©laftic bmMim « flat# but failur® 
wMeli is IMtlafeet when iii© yi«M polat 10 y«aeh®€ at ©us or 
m©r® 0©ra#rs ©f th.® m®ab» and th# f&Hnm 1» by plastie 
biieiaii® of tb# materia* tn tM.# sfemAy tO&« "willed, 
bmi?lll»g loai" m & plat# will b© define# at the ai?#i»ag-0 mit 
l©a€ appli®# to a of i&ieb. tk# plat# is a paft, w&trn. 
amy @l'«i®at ©f tb« a#mb®» b©e<»®« ©lastie^ly mstabl©# 
©f 19 a«ibdi»-ii %mtm, W*k» B-5, &*1, ©-2, .and B^3 
faflti by ©l&stle bueiaiag.. S«# fabl© II and Table 111, flu® 
mmh&i? was ttaliit®nti©iially l©ad«d t© tlb.® taHslaat© befiMp® 
tilt desiyed data w#!"® tak#»,, fh© as^ertaeatally-detewia®*! 
erttieal buekling lead ©f emh a«iber ^bdch failed «lasti0«a.ly 
wm femd by fiipst l^etting tb© mnteTlimm profiles of tw© 
33 
fatol® II* Cfcaaparisoa of f®st ewl Crltieal 
Buckling Loads for M«»ifcers Kbiehi Faii@4 hy 
Elastic Bucklir^ 
Fonatsla oZk f st 
pii 
b«i|. 72.$/k3.$ 26,100 ,^.om 
B-5 T2.T/ii,3,f $a 26,100 23»000 
»•»! 80,i l|..»0 i6,800' 1t#.000 
©-t 73. T 3.9,800 20,000 
b-3 18, too 18,000 
3k 
fafel# III,. ' Gctoparlson of tDhsoai-etlesl Buekltug ho&&8 
and Teat Ultimate Loaii tm Mmh&m' Wiioh Fail#4 
by Inelastic Buckling 
M«b@r b/t fhaoyetifeal ' T««t 
'k f©r Bi»y«ia, ' ' "• (rztt-
Formula pel fsl 
k2^3 ; %«t 60,200 32tim 
A*2 66,?4.00 31,600 
39.. T %•© 68,600 #^.300 
A*!{. S9.i l|.,0 70,800 3l|.i800 
B-1 ia»8/33.6 • ii.7 72,1^ 00 33,600 
B.2 kO.$/2h.3 83,800 35#i}.00 
B-3 ,^700' 28,000 
0II*!, 37.k 77,M>0 mum 
-Q*Z 3T*S/i2.S 97#000 3ktQtm 
0-3 3%M 6S,2®0 2f,100 
3li»l|, 6i|..ii. i^#o 26,100 2l{.,500 
$0.$ .^,0 1|.2,14.00 27,600 
1-6 ii## 102,S0© 39,300 
•||»T .%*© 178,000 l|.6,8O0 
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sli®i of the foj* seiferal ©f loaiiog, tiien a 
I.@a#-<a«fl©etl©» ^eurrt fm .a erifclenl. poiat fpm #a'eJi ©f tim 
two eeatariin® profiles wma fco ©i© 
affiled mlfc l©a4 wMelfe m&h. plat# app3foaeh®d lastability, 
1^ 3? ©3E«®pl«p »@& f&e l©«i at th«>i*e was a 
stsiiea-larg# liii§r#a,s# im tli# i*&t« of femeldLimg, w«® ofeoi®.ii m 
tli# test cpltlo:al bueiaiisg- lieai,., &# aeasmrtd loai 
4«fl#©ti©a at efltieal Melclii^  loaui was about oa^ -tMrt 
e£ t&t' -flat© tkle&a®#® f©r tli« a-wbsrs ©f #qm«r© &ms» ssetion 
wfeieli fail®# by #lafltie' femeiaiisg ©a@-lmlf of tli® 
plat# tMek»e#s tm tli« ffi«b#P8 ©f ^ ©utangml^ ai* of^ O'S# »®etioa 
Cfe/i •» 0^ 6) wliith fail#4 by ®la«tte bmsklli®, fS«# fabl# If») 
Itey i>©i»tiB©»t, obs#3?¥atl©iii may b® aa#® tvm th® t#st 
r«swlts'f$r m«ibt3?8 ®f aquai^ e &o»». seetlea a#' sliowa i» FIgiscp® 
II. • 0urr® A &hma Wi® ei*lti«itl bmgkliiEig loait tm' plat®i 
mid,©3? tb® i4®alis@d assiiwptiems us@<i. In tb© i^ riiratiaii of tb« 
^yasa foasaiala.. Cuct# 1 was .sij^ g©at.®4'by 0#0j?g0 1« Beggs ia m 
rnsQumim of a by'fiaoibeis»:$ (51) m a a®ai«r@ ©f ti» 
tilttsat® btaeHiMi r®sistaae®' of eiw©a?elal w®b plate® ®f 
atrmetwal ®t©ol msed' la' e«llia,,«» mmh&TB h&ttn  ^
0m o3? mmm i^ a tbeir s.#etl®iis* a®ll®d' sfe«®l plat®» 
ot tiils ty|j« wer® observed by B#ggs t®'baT® Initial Iwegn-
laspities of ft aagnltmie .©f ab©mt b/350 f^ « miemts t© tb® 
teat® of tb© ialtial bueM.®®-# Qwf® G is tb© profos®«i ciwir® 
for tlm btteKLiog p#;si,st«ae« ©f tb® tf«t' ai«be>j?»..« 'Jn tb© b/t 
0/j>, 
Dxi 
xhz% r ' y^  
>i • /' 
Br:> 
lO/)P P0m.EC 7'WN 
o.l fn-
Fig * m Critical BoeldiBg 
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fabla Iff Belationship Between Plat# TMcknaas aM WaxSmm 
Meaoured Load Deflection at the Test Crltlesl 
Buckling Loads for Kembers Which Failed by 
Elastic Buckling 
•'i'iilj® ' maxiimi® m»asw®i 
Thickness Load Deflection 
in* at fl«t» 
in, fhte'tee#»-
p©1» '0#®%. 
B4|. 0.138 O#0|6 63 
@.i3f m 
80% 37 
. t 3 » t  %m 33 
76.0 ©•J" 33 o.oi^o 3© 
•JS-The first value of b/t is for the long side and the 
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pig. 11 Plotted Theoretical and Test Restilts 
Including Working Ctirves for Members 
of Square Cross Section, 
39 




Factor = 2.5" 
O ZO So eo 
iy^ /fAT/O 
Fig, 12, Plot of Proposed Equations for Buckling 
Resistance Curve and Working Curve 
for Members of Square Cross Section, 
II.© 
patio rang# of 7O-80, elattie bmekUng fallw# oectaveds sueli 
«$fei@ii |ji*©bal»ly 111®® 0mmm& in Wm h/t MBg® of at»©ttt 60 t© 
70# ' la tMs ritag® df "b/% a?atl®», tlm tm% ImeM-tisg 
inats w#F« tts®a Im Itm of th® t®ife laltfcat® loads a® & 
aeaaw© of tii# iis#fsya atm^  ^of till# m«lio3?s hmmm ©Kc^asiv® 
d®fl#ett©ai ©eetuwdd s©o» tfe© ttst; ©rltiieal. tee'kling 
l©ads w«r# r#a#lj#d» HoMewi*,. ter a b/t rafel® of lets t^ «a 
&hmM •Ih® depaytw® tTm li#alis©d e.o»dlfei©Bs i«tii©h af® 
i» m festmal ai«bei» m«^©» m aetmal load did net. allow 
tb« mmbem %©• .Mae:h, t3a« ©lasti# bmesaiag loads pi»«d£«fe®d by 
til# fojwola*. Instead, la«la«tle feuelellBg' fatl«r# pr®-
deailimt«d«, Im l^a rmm® ®f ^aiios» Ish® uaistaatj® 
wai ms®d m feh« ttsdfiil of tim mmhm® ilae# atpreeiabl© 
lemd d«flft©tl@»» (#®»«li®j?ablf l%m %hm %h« tMetodss of 
0id« of til® aeabtrtl did jsot emmt mtll fe© ultiamfe® strength 
of tk® ii»ib©i*« wms Feaoiiad# S«# App«ailx A» Th® raplltrnd® 
of %h« iaitial waves is tshe t®»t aeab#j?®. was .Mghaip to 
b/50 f03? M«iiber tliae tti© laitial dotabi® aiplitM® of 
fe/30 ia til# pl&tm &'b9mmd hj mgg^ proposli^  emrr® B, 
fills any* Im p6S*t, aeoomt &wfw0 0 belug geaerallj Iwei* 
thm &mpw@ B,. @«rr# ©• was propoi^d toy Bagg:® aa m iforkiag 
ctiaw© ajid wa« d®5?lir®d by apislyiMg a s«f«%y of 2.]^' t© 
euOT® B» ©nrr# 1 Is ® pi»®pos®d ipoykln® ei»ir® for Ito® m«mb@3?s 
t«»ti®d iffl.d wm» siailarly d«rf.v#d by applyiug a safety faet©:? 
of 2*5 'fc© e« ssf0ty faefeor ©f 2#  ^ was a«#iiiiat 
kl 
.0l»g«a» letm&llyj tin© ©xaet 'faefeor of saftty tis 
• t©' ewws B ©j?' e is i#f(eiii«ai# ©a feb# ef 
ill© ^ d®sl@ae3r* ' mfiy" c^ i}.)' iiaa' pmpme^' mpw@ • f ms '& wo2»lcii^  «i2w# 
f©^ mrmtvs^Bl at.ml plmtm ia fetiilfe-Bf ».e«tions''i® 
which the '©sMi^. wida of the -plai# li -msdi t® th® 
rtfclo aai hlag®i-#«lg# .ai?® HMs 
wm by' applyii^  a^ faetdy^  ©f «af<®t|" ctf l|. fed th© acyaa 
f»wiaa& l:earir« A} ail,©* fei» fch© • iaa«@i*tai®ty ®f th® -idgr®® 
of ©f %h# th# £iiitJis3. 
in .^ Ih® flat®# For s#©tioaB ig'Sigiiti ft# m®efc alstaiw '^ p'sg-lf'S.-
eatiiia f»ath«r thas sti*®®# a 
pl&tm: m&f i®p®a4i3ag' ©a the- aetia#! ®a3wl®d 
fey.tfe®'' ii©afe®p#, f© 4#lJ®»toe, th® ,®3.l0wal>le %/t patt#'f®j? •& 
gi fen-11131.% <r in tJli® a«al>w:t the. ettrr® F' ii f-m"<0Lm%lf 
^mpms»M im %h® 
4 ©f fehe thf®® p3?qpos®<l. wofmug ®wr®a i©* s# 
aat F| shews that whil® the B@ggs $mm^W mi& th® tm% e«r?® 
,1 a4»® la g®i»2?al 'agi'®m«B%' th® W|4.y ^mw® W d®©s a©t afp®ar 
t® fe® e©iislst«iilJ'.3.f jm«tifl®<i tm 'lis® amber'.® ©©nsltei'M In 
tM® imir®stlgati©a. In ri&w of th# iiT0i»g®»0® of etirres A aM 
Ojf it! ®#esas mo.3?® ,3wbifla.tole t® mP^ J a peasonatol® fa©'feo^  ©f 
«af®t.y t®' a oiirr® weprmmmMim '^ h® .aetiaai hmhrnrlmw of th® 
nmhm» than fc® the ^ eurr® the th®«3»ti.®aa. 
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13« Plotted Theoretical and Test Resialts 
Including Working Curve for Merabers 
of Rectangular Gross Section With a 
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iy  ^ /?AT/e> 
Pig, ll}-. Plot of Proposed Equations for BucKLing 
Resistance C3urve and Working Curve for 
Herabers of Rectangular Gross Section 
With a 0.6 b/d Ratio, 
imier, etJiiitltns for tli® .wiAt. plat©#- ©f 
-eroas s«$fel©a» MMl#. fim ttst a^aljejps me a©fe 
©a®ugli f©r eoa^ msiT® r«imts, etiF-r® B is pF®»®»ij©a,a0.« 
'©f th« tomem-iag i»©sisfe«.0«. wm#t hi$ • 
£mm mmbmm df thli -Saa?^® t Is » pwGpm&€ WQWMmg 
mrm ttipitei hj mfplyl'ijg m safety ©f 2*.^  t® '©wf® 1«, 
la Wi^ vm$0 :©f 'h/% »%£©« tiem 3$ t® mwkS.T^^-msrm^ d# 
Flgur# 2.3i, 1» ©3.1 pFa@tie»l>i© §mm m 
workiiag, ©mi«r# I# ?ig«a»e' .Il|, liiieli wmt f iii«ls®a?« ©f 
#<!«»© «»#• »te%t#a*. fh0^® wm» a allglit is 
th# ul^ Iaat# ef the iWEii 
mmsmB ®®etJioiag ifeieli^ fail## by IselMiie feweKllKg i?ati:® 
'i3|j t0 sibmt 60 )• Sewefwt %li#-©lasMe feu©&aiag rmmm 
i%/% i*.afei0 #f ab®ut 60 I©) Wd'^kiag stj*»sse.s &i tli# • 
r®et«agiam' «r« lil#isr m "fe# •xp#et®<l ®lw« 
«3.a«feie rdsfeFaimt s^atait'i^taMoa. £« at tb® m-
l®-a4#il ©%©« ©f feh® ,pxat#» 0f 
la apii»0 12 ii s&©wa. thm ®f a #wre uliieh 
feh® • @tarr# ^  ©f rfw® 11.ji th®. p»f©i«i 
eti^ ® toT hmeWLing rmiB^ mm of tli# t«sl »«to®3?s of iqtta:r« ' 
eroas s#efcl0b. 'slie ®g.g#«t#a it,: 
0- « - 10801" + 71000 
•fM.9 ©t'^ atloa a&oiili t« m h/t wmm ©f 2i't© 80 aai 
is mt Ttlii f©JP ®lJow th@ yi©l# point of tii# aiatwl'il,. 
he 
ima-©tmatieh'my "im. mmewtmi. t-o a^ werktsg equatjiou^ fef 
apflji»g tto'factor'©f safety# 
• '3k .'Figw© •• '!»• shown tli® ttmllem of a ©tiCT# yM.^ " 
eleseiyfiis 'tti# eiirr©- B of-agtti*® 13, feJi# pi»©|)o.s©t'emrr® 
i?«gp©f$atii3g tli» probable'•hAmtm ©f''tli# tmt nmtbmn of 
• earn®# • awtlos « #*6| • um4. ta tM#'' '• 
gatloB. • •'Bi# tqmaMoa iUigg#®t#d li 
.• cr« 6a4. 3l©0|- <#• 
id  ^
mtli det©3»ia#t ©tMrwln# fef test#, tMi «qiiatt©a lie 
liiiittd fe©' a h/% ©f i|.0 §©*• 
b., sfe^ ei#-i%i»ain iilafe£#aslitp0 of Tm% Umh0p& 
fim . b«t»#®a th©, «¥©riig# ©f ttim ae*sm3?®t 
a.,@33gitmdli3  ^ ati^ aliis at t'li#.f@«i? e6s?»-3?». as# feb# 
applleA lomi per mit •&!«& ©f #»©& s»l3»„ii iflacswi ia Aff®adix 
@» Ha® ii3,l5feiafet. 'Imettliig ioai# 
aat liaits #f th# tfe3?#s«-il:F^a cmrr@S'for 
th©. mmmhe^a la «li©ito fa fmfele f# Bw- |!i»]po3?fel.©a«i liMti. 
•of tti®. slirfss-straiB ©law©, tm a »«fc®3? l.# slgnlfietsl; li®#aias» 
afe feMd ipO'lut a itati.dly Qhmgi.m pelatiir© streg* •tlstil'teitloa 
in the ia«al»@r • wid •irt.tlaalJ# f ailwr# mmm f ©ilws. !M,8 
mWupt »dist3?it>mtio» • of Btt&.m m&f to© ©ams»4-ljy having pm»##4 
eritl«al biioidLi.a« X©a4 Is ©•»» ©r i» tli# 
ij.7 
fabl« ?• Helationahip Between the Test Ulttaat© Bsiekliiag 
Loads and the Proportional Limit &t the Stress« 
Strain Cto'ves for All Members 
Wm^mr b/t feat Proportional Froportional fB>e of 
Limit of Limit Tmt Failt»« • 
F»i ;• ^ Stress-Strain U uly-
Ciinr© for •per e«iit 
Member 
pal 
B-i; 72.5A3.5 29,000 26,000 89.6 Bl-antie 
B»5 72.7A3.9 28,000 27,000 96. l[. .Baelcliiig 
D-1 80.1 19,350 17,000 87.2 
13-2 73.7 25,100 21,000 
0-3 76.0 2l{.,200 21,000 36.7 
A-l i?.2»3 32,700 27,500 8I|.,0 IDatlastic 
AmZ 50.5 31,600 22,500 71.1 
A-3 39.7 38,300 2k, ^ 00 77.0 
39,0 3i|.,800 26,500 76.2 
B-1 i^ l.8/33.6 33,600 28,500 8k. 9 
B.2 i|.0.$/20,3 35,900 28,000 78.0 
B-3 50.3/30»3 28,000 21,000 75.0 
C-1 37,1|. •-eiifW ' 26,500 mtAm' 
G-2 37.8/22.8 3^ ,000 26,000 TCi.5 
G-3 39.8 29,100 25,000 86.0 
50.5 27,600 21,000 76.0 
30.6 32 .k 39, W 27,000 68.9 
D-7 29.6 J4.6,8OO 32,500 69.5 
kB 
lelaalie femeaiug) @r by hming i»®aelie4 th# yield p©iat at wm 
or aor# eor»©rs of th© asabw (iatlaBtie btiel3liisg)» is 
a reaadnably elest r«3 atiomstoip th® proportioasl 
liait of fch# str#0s-#teaia ©wr¥« ©f thm a#ab®r wai th® w3,t.lBat# 
i'treiigfcli of tilt a«ib®r# F@r the 12 »'«ib@rs 'idaieli wtr© loai«i 
%•© th© tatSaat# ant wMA fail«t by intlastie lM<sMiiig» lis# 
pr^ j^ ortl^ dnal ateragtt 77 p®3? of tl» l^ ad 
with all M^®rs «i%Ma m rimg,« ©f +12 f#r eeafe %& -ll p®v 
%m% Qt th# av©r.as©», l%r th# flf# Al®h fall@A by 
«la«tie bussing, ttois averag® w&». Sf per .e«st witli 'all 
a,«ttbers wltania a r«iig« ©f *'$ pm mn  ^ t© ptr ««at ©f tli« 
af#rag-#< S10 tiff®r®iie©' b#tw»#a %im a.*@'S?.ag#a fei* tim tw® 
typ®# of &©ti@s iali©at#» tiiat wli«a tb# buckllug 2.©&t tsh« 
plat«s in a ®eBb®r is r©meli®t fey tlasiie bmcliliiig 
tatlmat# fidltai*#' is b»«ght abeut m&m w&pMj tlian, if tbm 
mmhm fails ia®la.stl@ally by allowing a loealii©4 jMMmg 
•of tb# aat®i?i«l at tb© @®i»n«rs b l^t mp fe® t^iaafe® 
failutt, a-rersg# pr©forti#iial. liult '©f ®ll mmhera 
wifcbia a rfojg® ®f b/t mtim frem |2 1|.2 fabrieatet fr«t 
iacda plates was 27#l|.00 psi with all sm«  ^ mmahem withia a 
r«»g® of +li. f#r e®at t© •*'$ p®r ©«t of tb® «T®rag'#, 
»«b®r ©*7 ^a» e-x©lui#i, sine# it vm of sucb »t&ck  ^
as to aet a# a ©®Eapi?«ssi©a bloek# •$©© f« l^« fX, fb«0® m@ab©i?i 
fail#d by inelastie biieteliiig# fbia eiHiparatively »»r0W raiag® 
of T&lttes &hm9 & €»grm of ©©»sl»t.#aey in tb# pbysieal aspsets 
talJl® fl:#, fi»©p#rtl©aal Mnits ©f %li© St3?©ssi-.St3rala 0wr®» 
• tor I3i# l©a%«f-FabFleafeei f'ria f2,afe®s 
S«to#F " ^ • • fe/t Proporbiooai Limit ©f Str@«»» 






§•2 3t.i/t2,S 26,000 
0*6 32..% Ifg000 
$0 
of lai# mmbmB -md the latoo.rato3?y pi»@e®dwe., 
, A a?«lationsliip hmtw@mn aad % over tliSf 
•eutim ©f V,^ mtloB mmi. in tMs iawsfcigatlom w®» sot 
aiparentt S«@'fmbl® fll« B sf th# iaat.©i»ia3. to >t 
tlj© ®m® t». fe®'fc1a l3#iisl©a bmA #6»p3?®ssion, th# % of a aoato'ei? 
begias m apfwisiaMe iii«a tb® ioad.lt tlm% 
.appiied-aai finally failt: fey ^ ©x&sfci© bmtttiug 'sbould b# lowtf 
mrnm !• fe© f^ <5teati.ia stlffneaa ©f all Wa® mtef 1«3.,, in tto.® 
neaber 1,.# mt &n #ff»et % ia a«3^©r 
©»!..•. -fea? m »«bei»'wMeh', d®©# B©t hmWk  ^ afpr®elafely imtll 
im#la*tle • mmeut. 'th® ,a?#dtielJl©a Ha 1 8lio«a.d Is© a®gll-
gifel# #iae® tM mms. is almost fully #ff eetiir## 
Sttcia ft • was m% e©asif:fe#atly sMona £a to# t«at 
l©w©f«y,. a ©tiiiil stent r#l6ti@aahip b#tw®«» S wai 
wat' fli©m for all afaibeys f«il>3?lcat©d fjw i-ineh flat«s« .for 
®mli mmhmm$' % .tir«3?a.g®d 9S,1 ,f®r ©f 1 'Wltli all ai«te#p« 
a rmg® ©f +2 par @«iit t# per e©mt .©f tkd awrag®. 
s©« fable ?iiii 
0, e.^ :ai»is«in ©f f®»t and .Oaleijlated mtiBiat# ftiefeH-ng JLead® 
fii® test ulttaat© loads of th© ,©f s.q'aw?®' ©»»« 
g«©ti©t* ar© with th® tat'Sjaat® loads e«i|)t*t«d' by 
fiM€>sk#iito*s lapg# d#fl®$tl©» thmory (l|B) mi by f®a Eawaa*® 
«qtiiv®l©»t-wldtb metbi®d C5I) in fable# 3K amd X* Slue©' b©tli 
tli®.»« aetkods aist«® M.i%©d-«%# s-t^poFt, a e®ip®3?l®©B b©tw©#n 
fftfel© fll» 'ItlatlosiMf M&tww&n 1 of ^ hm M&teidsa imd % 
of Mmltm 
«@ab« •r to/fe T®a®il® 
E 





































































































fabl# WZXIm Relationship Betwmm M -of th# l&t#rlal aiMi ,% 
of the Meraber for All Fabricated 
tram ^-Inch Places 
Mm^9T b/t 
M 





Awl lit# 3 2f,t 2f3 99.6 luftlaaitte 
la.8/33.6 
BtteMing 
B-1 2%f 29.1 ft.5 
i»a W.S/20.3 tf.f 30.0 100,1 
37*k gf,9 2frl f7.% 
€•1 37.8/22.8 29* t 90.0 
©•6 32.% 2f«f fItO 
2!!.. 6 tf.f 28.,? 
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thm tJli®©r©tilea3Lly*®.«ap-uted, strengths aaA t«@t gtre t^hs was aa«l« 
ojoly f©i? of &m& seefeioa. 
Bi* fal»©s ©f .1 aa4 Oyp the eoiipoa t5®st# 
m#«<l iffl ce^mtisg ifc® «llslitat« strei^ tlis fey feh® large 
iter a«fe«r8 wm«ii failed fey «laitte hu&kltmi 
teuckling loats f>r»A£€t#d by tli© large i©fl«efeio» •feJaeoiiy 
mm in »«feiif&«t;ory agrt'^ est witli thm fe®@t •altimat© taieaiag 
mmp% for a«wib®r For th® mrnhma ubiefi failed by 
£iielaiftl#: %la# large isflettion thtery gAr& Tmlu«« 
wMeti M«r» im®h t©© Mgli tai weisai ejctrsaely tuisaf® 
t@ nm* 'Bowefer,. It sli@ul4 to# tbafe tMs theory 1« bas«4 
t^ .©a %m^gj •c«asl4®rati©as ia a plat» with m asimtd feuoia®d 
shaf0» fhe differene# litfewta t#»l5 mi tli®or#tleal^  vilmes ,bh  ^
h& «s»s#d toy, th# Aiffsrme® b#t»*t@a th® asanaei. aja<a the attmetl 
fhaf#s ©f th# |»lat»»# Biis 41ff#r©.:Jie« wiui. ao»t pr©» 
aoMiicat im fch® «aal>®r# ,wMeh fail®i lii©la»t;i©ally« Ibr th©s® 
a@»tl»#r«,, fallwr® Mat prf^ eaiiMatly tatisM ly yieliiug' of th« 
tmn ®q.mifal©»t»wi4th atthoii, gav© resiUta whleh 
i#®r# ia gemciral wisatlsfaefcury whem feh® tlaeor®t;ieally-.4#riir®€ 
falu© .©f 0 a 1.9 wa# -usdi. §««• tatol® X, For th# iamb«r» 
ifliieb. fail#€ ©lastisally# th® t;h#©r®tieml -ralm## of mltimat® 
l>meM.i.i3g leads wr® afe©iit 10 per @.©at te© M#i for aembers ©-2 
mM P-3 a»i ab@ttl 2$ per mmt t©e- hlgji for aeotfeer D'-l, Wof feh® 
.a®ttb©r® ifM.oh f ail#t iselattieally, all thaoretieal viIti®® of 
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Tablt Zm Comparison of Ultimate Bucklirig Loads by Tost msS. 
by Von Karaan Eqxiivalent-Wlclth Method 














19*350 1.9 ^,700 1.50 19,500 
25,100 1.9 27,250 1,1}.0 20,100 
21^ ,200 1,9 26,800 UkO 19,700 
A-1 32,700 1.9 5f|.,800 1.20 3i|.,6oo 
A-2 31,600 1.9 kliSoo 0.95 23,800 
Jt«»3 38,300 1.9 i?.9,li.00 1.00 26,000 
A4i 3l|,800 1.9 57,700 1.10 33,i^ 00 
0-1 '•mm 1.9 61,600 1.10 35,700 
G-3 29,100 1.9 1^ 9,000 1.00 25,800 
D«i{. 2k, $00 1.9 29,700 1.30 20,300 
D-5 27,600 1.9 38,300 1.20 2li,200 
D-6 39,300 1.9 73#000 0.95 36,500 
B«7 ii.6,800 1.9 100,100 0.80 14^ ,200 
3-0 « 1»9 from theoretical i©i»liratioEu 
^0 raost nearly fitting test r«®«lts of f©2»y thia plat#® 
as detottnined by E. E, Sechler. 
'i?imosh©nko, S. Theory of Elastic it&bllit|r. 1st ®d. 
Mm lork, Mc'3raw-Hill, 1936. p. I|.02. 
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mltlaate hm i^ng load® wer®' micli too Mgli tnfi &m msaf© t© 
ms®.,, , • 
m t&iPlf satisfwtorF ^ mmmt between tesfe and 
pa?ediet©d Tsdlaes 'bj tli© attliod was ofetjalmi 
wMn the mmi&^ re^um for G wem tts©it, predicted ¥alms 
w©3?® aafslf b®loir 'tb© %#st for ail a«to©i?s ©wept 
airaber .A«^ l aai. a'«ito« 2^ .1,, fh® pr®dl@ls«t mlttaat# ImciCLiiig 
l©mi W&9 mbmM 6 pea? e«at Mgfet«r 'tksaa tb®. iralu# tor 
mmher Afl •aawa l##a 1 per e.®at too M.#i f©3? aoafem? I3-l» 
R>3? th© mmh@r& lAl&h f«il«i «lasti#a3.1y,, th® pr@iiet«a valmo# 
of mltlaafc® Mekllog loats wtre fed© Ion Isy  ^f©r ^ e©nt 
of 'til,® feest Tftlmes f@3? aoabers I3»g mi. D<m% Th@ v^ almta agj?®®i 
a3M&Bt p®3?f#etly f©3?' a'«b#:i» 1-3. • ,ltei* feh# ««ili®3?s failod 
ijaelmatiealxyt 111# pi»«iie%©i taltte for a»1 wm« abeut 6 per 
«#a|. mmk&m A»t aM A"»| aburnt per @©at too 
%m, »d for th® r«aiaitr of tli«- mrnhma about 7, fco 16 per 
@#at too low* 
S*. Fatt#ra» a»i Cl# r^,al Boliavior of tii® KLat.@a 
In tb® f#»t ««ib®r« 
A stu% of 'fe® loat-4#fl@otloa profiles stows • tsliat tsfe® 
w^T® pattoras of. tli® aefemal bmcidsd plafeos wore eafelroly 
difforont froa tliose prodletot thooretieally la Idoalizoi 
|»lat«B,» So# Jpf®adix A# fli# sh^© of'tiio plafe# mdor 
l0aii£« waa largely iependeat ttpoB th© IMfclal. irrogalarlijy. 
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la til® piate#  ^ ia til • casta# ^ at mf glmn^mo&s 
:&mMon'of' the mmbm wh r^&  ^ •mmimim'-bueMli-mg o&mxpT^&g. 
al¥sjs' buekled iswiird 'ani'tii© r«ai!a»g 
two 'Sidtg ©utward a». rnmid^ TrntiQirnm 
IM all a«il>®rs-i&t-^  failei. bt'©la»"fele "bSi® 
l^atei- ai'®*»aM"a pattsim of' Bmo'kli^  byth© IMtiai 
Mimp0Si'fefee plates, wifeli. tUxe- ©x^epfclea • tMt ia eerfeaia-' 
eai«s#. a. mm% o3?'-fi#at is a flat# w@mlA re-rers® mi&m to&Qlm 
tli.©ri©i? fc® aeeiwaefiat® • tE© • simp# tatos'by an, mdjaeent plm.%-% 
Mblofei, i'^ 8 iaifclal ibap#  ^ h@d & greater' 
fiiml of th.® a«6fe«i» at a wMol®  ^ J|>pa?«eiatol© aKfl^ eetion 
at erltloal'|>®lafei al@ag mm mntmXim of ,«ac& plat© begas. 
:tsrat®«liat$lf applleatiea tli# load, the a@fl®efeio3M ' -
g3?m: sl©wl,f afe first bmt ine r^tasei rapidly m tli© p-oiat ©f 
ia®tability wm approaeliM* e«j?T©8' for tbi@ 
©Mtieal p'©int® ^©» two a<IJae#»t pl.at@#, of' a gave 
eritleal bmettiag: loads of &hm% th.m M«m angaitmd©* Sin©« 
mf two plat#« ta a aewb#i? w@t^ d hmm mmtlj ©i# 
9M# •eipiti«al bueJkliijg st3?«iigtli|, if a|!>t«»i thmt win® os® 
plat® b®«i«®s mstabl'# It m l#xi®«r gifw th© «dg# 
st^ fuipt t® til# aajae©»t plat#® m& instability ©f itll flat@s 
in tim mmber s@®ii f©ll©w».* woiol^  apply particularly to 
stmra &3?m§ seetiens' witto walls of «qml tliiekiieii» ltei.isg 
tla© labo:^ ftt©3?y t©®ts of the memhmrM with sqwr® eros® s©0tlo», 
fisibl© baeldLiiig app©ar#€ si»«ltfa!ie©u.sly im all plat®® ia tli® 
a«b®r. fe.® Btrength &f th& w&akmt plat© im tht a©ab«i» 
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t© tfe® of %li« laeabtr* 
?©r »«t aeafeers wM®h f«H®4 t.ii®laatleally .^ uo a«a®ttFable 
l9m,i a«f3.®eti©n» o©oiii?i»©4 mitiX sizdafel® wer® 
fl0,,0®O t# ,a.^ ,t©i pstK ©tfl«#fet©»s il4 net 
«|>fr«#laM® mtil aft#F iJto® f4«li p@iiit h&4 b««a mm'h®€ at 
oa» ©a?' a©i*« e^wmm ©f tlx® Itet# temtmef f©r fch® 
fetttML## shap# t© f03il©w til# gmmTBl »hap#, ©f tli« Initial 
ws not aa p»s#me®i a® wmt fete.® ©as® foa?. tsh® 
««slb©rs' wM©& fall®4' ©lastieally. Ife is, inggetfeed tMat th® 
©f tli« it€ralj«r flfst reaching- Ik# yislt p.oin.l; of fck© 
Mefetln® and tm£%mm&€ th® fi.iia3l 
l>'U®ia«€ stmf® ®f 'fe® tlie iiA,feiA iFr«gm-
lafltl®® in til# pl&tm WftHi iafltt©TO« tfa© ©f tli# 
l,e«a mA. tteis inflneac# -tla# aaa»,r of feut&ilag# 
fh# 0li,« wifeli tto@ l®iigifeudiiial J,#iat iii aot ' 
a^pfrar to laJltiat© ia aay mm^er altteiigh t3ai» sM% 
Wit« tlis a©at i«fom#i la th« pf©e®s.i ©f faterleafeiom. 
•©i® if«3.i#a fe#ai astipg « a, siiff#ii®3? &m fell# 
ia%©3rl-©f' of th.#- mmh%w a«y hmm giwm atdltienal t© 
•111# 
A i@finit@ tfe® d«g,a?#® ©f initial 
iarT#Sia,«r£ljy ia plst®» ©f tiim •a«w1>®r» aa  ^ th# Ijtietelii:® 
of %hm |»lat©» wma mt p-ussitoi# fwa th® i?«.sii3l%s of 
tli©«« ffe# s«a®i»a2. h^hmtm asi bise t^tiiig •itereagtii of 
#a«h fiat# is ma«few ii aff«#%©&• by th# b»liaTi©i» aai 
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bmokllsg* a® requly«t«iili foi* the 
eFltieal. bmettlBg 9%rm» irm a aodel m&f h$_ de%&xmineS. a® 
f©3lX@wsi 
tiim 1#.*. Factors Affecting Critieal Baste 
SueKLing Stresa •. • 
t •feltleal, bmefeltas'Stp©i« • ' ' 
• a • 1 . I*«iigtli • 'h. 
3. •, ' • mm' ^Mm h • 
• k • <1 Short wlith i 
5 • • t , lhi®to®s» • . li , 
6 1 . ifu'taagts. lod«3.®i 
t • f0l&son*s Jteti# * 
i S Shap# 
Baeldighaa ft (33, p.* 36) the ntaatoer of 
qu«mtitles liiv©l¥®i Mmm tht ss®to#r of toasle dla®ii»£©ss 
ist©lT#4 giT#®. th# •Hither ©f 4S®(ias£0»l«#s aai PI 
t#M« wMeh m&f mM t® dmJttm th<$ Mlatlenititip-, la thii' 
ea0« six ft tews are r#iiair#i and th# rtlstieaship ai^  b® 
»jepr«ss«i m. 
 ^ " f (|, |. , ss 
Siae® this relationship &ppMm to, 'both aud protet^ f^ #;#, 
the €mi^ aiwl. pretietieii # j^atl©Bi m&j hm s«t 
Prediction #tttatlon 3cii = E \elmoJ 
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Beslga e©Ml.ti©ns 
(1) (b/daoa " vl 
(2) (d/i)„oa " 
(3) (vdaoa = 
(w c/')^  = 
(s) (s),jg4 = s 
f6| bami&ry tb# ««»«.» 
leslgii e#adifcioBs 2, @M. 3 ieaaai that th# 'dSmemiona 
inwQir&d b« .g#w®triea3.iy s'iailar foi? tb@ a©i#2. ant ppotetsij*®, 
Design e@aiitt#ii i}. <i«aa€s tbat foismn^e lati© fe« tls» 
sa®« fei* th© aoiel aii€ 
S#siga e«liiaiti@a 5 that tli« effect of tim 
lw®giiaa3?iti©s in tfe,® |»3.afe#« la the aioitl b© •|li» ,s®m« 
as felae ©ffeet sf smefe ii'3?«gttl&2'it;i®s ©a. f!i«, b®liairt©i* of tli« 
preljo-fe^p#, ©lis il«.p«-faslj©r eoaiiti^s will mmlj he 
.satisfi#d| feh® 'fefeen b«e«©» ©a® aa to Jiok 
serlwg feh# i3®m*ftilftll»©at ©f tMs 4«slga ©©unties aay b®. 
©tsiga c#silti®a 4 i»et«iT®s tliat the afflMies*' ©f loati-ji® 
aai d®gs»®# ,©f 0%# smpfsrt b« tli« sm# for- befeli »o4©l axji 
©©sign eeiailtioa 5 is pretombly tli®' a®st aiffiemt e©iidi».' 
tiea t@ »®s©aafely sati^ sfi*, ($9, f • 73) hiaa ol)»«j?v®ia 
tlwti 
, • fh,® ®ff#et ©f initial WLnlc® ©j? ahtort wawt la 
th.% flat®" Mill b® t® i,©w®F til® femekllng 
« • • ffe® tlilBner tb® aat®3?£®3L tin® greater i# tbe 
p»baM® ®ff«et ©f stieli kiwk» .^ ffobabillty ©f 
iBltlal kluks Imxsw&mm witfc d®ereasing thielm®s«» 
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lagadtud# ©f Mnk eefiapared with tMekafiss ©f plate 
b®ei»®s. g3?iiat©r with i#03?®asiHg thlGkmrn*. 
Im falJl# XI' is shown th@ .mtl© o£ th© mscAmm ae&iiurM 
ffliplitui® ®f tli©.l'rkiti.al^ 'i»i®gta.ariti®s ia fch®'plates te th® 
thleicae»i Qf :tli« pl«t#s«: fh®» 1« a gewi^ al, tread foi* thi« 
f-atlo t0 l>®0««€i -laygsr with d©6j'#asii3g plat# tm®to®sa@8# 
•fh« a«"b»s Mhmm im fafel# XI by iii«l&«tle 
feme i^iag, h«ii©« «• stiMy fey a04«l anilyaiii iitgofai*' a# e:pltle.ia, 
bm©M.i:iig •• l©a€s w#«>. ©®»e©a?m«d. eomlt mt to® aa-it. Wmn th® 
lawfltlgati#® w&a plasaiid,. was. a© reasm to taticipat# .. 
wli«th«f •<&©• woiali fail by #la.stfe 0p"i»©lagt£e 
bmeHiig*' • How«v«, m att«pt wat a«t4« t© obi#w® thm degi*©® 
of aiaillaflty of behaTior ©f th©®« awife®!*® whil® witfelm 
th© '©laiti# lialt ©f th« 'ftte prineiples of 
siatlltmd# wm used to p3r©«ii®t th# total load o» the |>3P©t®-
type 'Mhieh wotild prMiie# th@ .sssi.© • a'r#3?ag# mifc stMte at th® 
f@u  ^rnvrnm of th® ppotetfp# as was py©ii»®i in th#. ii©4®l toy 
aa ®l»se3?T®4 l©a4 ©a tfe® a©A«l# 1^® i#siga m4. pi*©<iieti©a 
©qmatioas were #«t -as fallows I 
Item 1®»; Ssateol • frineipal Factow tff©cti^  Basi# 
li^ iigitmiipal f^ t .3tgata. .bimeaaiqimt 
1 € t^ stmia 
^ 2 f f®tal loa€ ®a th# mmher F 
I A fotal a:e#a of m«li©2* 
l|. e 1f©«sg»s K*"^ 
$ • $: ihap© fftetiw "> 
6 H ?©if »€»»•» latl®- » 
61?. 
faM® XI* latio of • of Initial lw«,gixla3»iti®« to 
Plate Thictei©8S tm H«i¥«»I««3?3.y %'©iitt2*lea21f 
Similar 
Wmtom h % •" b/t Maxiaw Mea»w#t laaclww, 
lueliei inches ^litude of 
Initial Irr@gm»-^ fl«t® 
ImPttj fmeteita 
inches ©®at 
A*i{. m • 3f 0.06 80 
A-3 ^.2 0,131 .ii# 0.03 23' 
4i«2 Qnm$[ 0,02 10 
10.1 0.238 im 0.05 a 
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fgDit toalysls of 'fm% 
Bmh^ts TJsing M«ber A4|, as a Model 
lSS®p • 'iio&i „ 
A-3 A"»2 A«»l •'•••• c*i .• 
Vt 39 • , 1^ 0 lit 
®*8f. 
sc|» la# 
2.6lj, 6*l4i|. .^05 10.3 
a , t. i.m\ 2.73 3*^ 3*IT , . 
Load P * 
(Frediefetdi 
lbs 




38,000 95»ooo 135»000 
lra?Qi» * 
per e#ii% 
or Aetml f 
ll..^   ^ 3.8 a.f 
#1SI| stressei for e » y^'d micro i«elies • per incE,' ; 
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Tabl© Meiel Analysis of •S-eometritallj-Siailmr f#st 
Mestfeera ITsiiig lerabep A-3 as a »o<l©l ;•"• 
Me«b©i» iiOdel' „ ProMtsyp®# 
A«3 Ai'2 A»i o-i 
%/* i^ ® 3f kJO 3? 
Ap®,® 
»q« ta» 
2.614. OM %Q^ 10 »3 








38 ,.©§0 12,,:6t§ 9$,000 13^*000 mi., 000' 
S2*S*©f 
of aetual f 
m 5..S 1.1 k.*7 l.l| 
«Unlfc stresses for  ^ = 500 micro 'liiolies per inch. 
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'fsefcey ©Jf Z nay also b® latlsfmetoafily wssi for anfflbsM, &f lii®' 
type iiafeatlg.a%©4 stimy*. ^ 
70 
f. si»iaey am© eoiat]©:i0m • 
A stmdy wm aad® of s®e#B(l.ary buekllag In hollow 
r&etajog'vS.&r mmprmMi&U' mmabm'&it &&eh ©f wM&h w&b falJ3?tcat®d 
fraa a siagl# milt stmetwal st«©l plat« with a l#33gifeuatnal 
if®l<t«<l Joint alostg ©a© side of the aatfeeap. Si# thiekae»s of 
th« ®al®3Pi®l tw@a ¥topi«d fr«s 'OmQl^ t© %2fQ trnthm^ fh# h/t 
ratios Tftfied tvm 21 .^5 to 8©.l with. Insth sqmar© cross 
seotioas aaA r«et«agmlar eroi# stetiosi us®d| a b/i ratio of 
0.6 was usai for the reotaii^ lar s®etl©»»* 
•®i© objeetiireg of Qiis stwiy w©r©i '(1) f© dotowiiji© th® 
general stmetural fenliavior of this tf|3© of eolma aeetion 
wa^T axial loads im&t& m saeoaiary bmoMLing w&» eoae@im®d| 
C2) f© iMieat® a saf© ani reliable -.design proeedwdj (3) fo 
iMieat# th© probabl# tegr#® of i.©|>@adal3ilitj Mitht itiichi 
model .ajaalysis may b# tts©4 if botli prototype and model are 
fabrieated mder ordismry #li®f aethoda. • 
f© i«t©i»i»© th# iaitial shape of th© mloaded plat#» 
m£ th® load i#fl©©tioii of tb® plates rniAm rmtma applied 
loads# tli© plate o@nto\ir a©t«r ms built# fbe e'ritio-al 
buoteling loads for plates of aambers wM  ^ failed by elastic 
bwkliag wro fotmd by plotting loai.-#®fl®etiQiat ewT®# for 
critical points d#t©i®in#d free load-doflectioa profiles of 
me iidos of the moabers* leadiaag'S w@r® taken om tw© adJacftiJt 
71 
sides oi ©acli on® of wMeh was msmallj t;h® sld© Mott 
vlsifely •d©fo»®d, fw© 3M*'k ®leetneal*F«aistaae« atraia 
gmgm «er« |>lae®i at #aeh comer at alib#iglit ©f @&eh mmhew 
tow d«t®3?aiiii»g the !.©&€ ilstrltomtlsa is tai® 
f®®t cFitiesl loai» wer® @«ipaF®4 with tl» 
thaor®tleal .fipyaa loadi* .i*©pr#s«®tisg tli« ibiio,ia.ing 
r«si stance of the t@»t afrnfeei*# wer# p2?©p©s«d, WmlsXm  ^ msrfma 
pmpos@d hj otkier liw@stigitt©r» w@r® cmpared wltti tli® worldiig 
eawt p3?<^os®4 m a »amlt of Sils fsr®stigatioii, A itMj 
*at Bftt# of the wlationshlp b®tir##a tk© average a#a8RH*«  ^
tinit strain at tfe.® e©«i©i»# of th  ^m«tfe©i* mA th® af^ jfage 
afpll«d lead per unit srm*: A ew^mimn. vm mad® of th# 
t@it mltimat® stipeagtlis an<i tli® tiltimat© strtagtlia pi*®dict©i 
by la^g# i®fle«ti«a tli®03?y and bf f©n lamaa i^ 
©tmiTftlent-Mldtli a#tliod* A stmiy was al®© mat© of tk© load- '' 
deflection pi*ofil«s and |>l«t« bmc'&liiig, pattema. Ger^ aia 
aap@cta of aodel aaalysia w«r<i also ferieHy discussed  ^
tee followlHg 1» a st»E®apy of th© mey® laportamt i*®swlts 
aai obserratiena obtained i» tMi iawstigafcioB aod th© eon-
elusiO'ii® djcawn" therefrom; 
(1) ©16 @#c©i^i»y 'btteisliHg strengths of th® plat# 
el®»©jats of th© «©ttl>®rs tfist«d w®r@ d«p®ad®»t on, th# width-
tMeteeas ratios ©f th© flat©s» th© degre© of ®dg@ si^ port 
along th« maloadod ©dges of th© platci# th© pi?©p®rtl®s of th® 
laaterials# th© IMtlal irr©gmlariti®i8 ia th© plat©s and th© 
72 
a®gr®« of frm the m&imrlXj asstim©# idealizei 
testing «®naiti©»s* 
|2) fe© eeltw s®eti®iis teited eAibltet faToralJl® 
s®e®atea?y hmMLtmg efearaeteristies tor s®®tl©as witla 
iast«a<l of ideal squai*© e#i?aerf» 
(3) fh@ flat# emtmr mry satisfaetorily .fmlfill®  ^
its intemi«i fmettoas of <l®t«Miai.-iis the fhap® of th© 
l«sa4©d plates ami, th.® in th# plat©« ima®r 
faridtts iner«ent® of l©«i:iiig» 
ill.} SlAstie bmekllx^  failmr© f®i? meratosrs of »q%mm cross 
9m%lm In th® h/t rati®, rasag# ef^ 70 to 8o ami 
probably ©ee'arrei in th® 60 t© 70 r^« also* 
|5) Iiielattie 'toueMi'iig failiar® for a^ober# of squar® 
er©s« ieetien ©0eiirr'©4 Im tk© h/% ratio rang® of 2l|. to $0 aM 
proto&telj im tli« $0 t© 60 rai^ © &lm* 
(63 Si« a?yaii foMnala with, Is « ,^0 aay b© m,s©€ ia 
fe/t rati© ra»g© of 70 t© 80 f©r ®tuar« ©ross seotioms if tli# 
overall witth of tli« plat© is tts©€ to e«ipmt© the h/t rati©. 
For a b/t rati© i#«» tliaa 70  ^ tla.® proposed t©st ourr© for 
taoaiiig resistaae® of th© aeato r^s »iio«l<l fe® ii©©d» Tbm 
©qwatioB of tM® ottrf© is c" « 5 • 108^0 h/t 4- 71,000 
aa  ^1» valid for & b/t of 20 to 80» 
(7) For amberss of roetaj^ iHsr- eross leotioa witb. a h/& 
ratio of 0.6, th© ftryaa iralues w®r© sot r®aeh®i in tli© raBg© 
of h/t ratios t®0t©t» Thm proposed c-arr© for buekUng 
71 
r©0lataae® ef t!i@- test M«ib®rs shcculd to# 1&# ®qmt£o» 
of tMt ©w¥© i» cr « 6,1 'b /^t^  102  ^to/t 4- 6^^000 aM £#• 
•TBlld for a fe/t ©f l|.C5 to 8o# 
CS) B©l©w & h/% rati© @f about $0$. ia«b#3?s of squsa*© 
mm& t#etl<5n m& a?®©tangiilay ei»©gs @©etl©b fn smb^  
stautlallf th® saw# way as l'Ml,0ate<i,. Iby th® pi»0f«s©«l ewws fo2*-
bmeiling mMia%mm of th© test mmhem* Ah©T« a fe/t ratio 
©f ahout 0f th© Tallies, for haekling rm&iat&m& ot 
th0 ysetaugiilai* s©Gti©ns arm higher thaa thoi# for th« member a 
of sqmre dmm smMom  ^
(9) fh0 ©ff©etS'0n th® teekllag strength of ths plates 
mm&d hj th® initial irr«gm.iylti#it|i th© iner^ astd. stability 
©ff#i»&i by 1^© y€Rmi®d eo»#i?.s of th© tt«b©rst and th© degree 
of eSge support offerei fey this typ© of eonstrttetioa eotild 
m% be segrogatei but th# e«btiied effeets w®m ©btaiiiei# 
iW) there was m general trea<l of agreement between, the 
ewre proposed by Seorge S« Beggs for the buehliiig resistance 
of stimetwal steel plates ia tqmare eellmlar tt'oabers and the 
car^ e iM,eh best fitted the results of thi-s iinrestigatioa for 
ii«bers of gqmre ©rose seetioB# 
i X l )  fo arrive at allowable design, plate loads for the 
mmhem used %n this infestigatioiif it wm eonsidered aore 
jmstifimble and ooi»iateat to apply a reasoimbl© sstfety faetor 
to the test ourve representing the buekliag resistamee of the 
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0t3?©ss-sti»aiia for th® a»l>©ri.a-rwag©! 77 cent''.of 
tl» t^ tliaat# M&As. tor the a«afe©'*»« wiiti a'Sra^e of ,®.b©wt' til 
.'pm •m-oM of til© afei'^ ifg®#. , 
|10) W&T' all a,«l>®rs wMA fail#A ©laatleaHjir 
pfttios tvm. about 60 to 80) t1a« pp^portleiial, limits of-tli® ' 
ity©®i-8t3?,ttlB e'a:mm fea? tai© mmhmm averegti '$9 cent €>t 
til® •lat.iaat# load# with, a .pfflg® ©f abemt ± 7| P'@3p e«at of • 
til# aT®.J?ag©». 
{19) ffe®' p3?'0po3?tlo3aal llaitp of,, t1» tlm mmhem t©«t«d 
t©  ^ultimate failw®, aM wMieh ,w#r© f abrieat®# tmm f-iaeli 
plat@s- |b/t rati© fwm' 32 ta '92) aT©i?ag©d 2?#ltJOO psi with a 
rm^e ©f ,e#iit of tb# &Vf3?ag#.« 
<20) A «#3asiat®at e«»»lati©B li®t»#ea 1 sot % w«r tl» 
©atij?# i»asg® ©f b/t wtie® t®3t«i,wit» i»t fomd, 
Cai iter th® test a«tb«r» f«.bi»ieat,©€ ,f'M® |»iaefe 
flat®0, % avei?^ #i, #.«1 • ©eiat of S ,wltli a i»:aag#. of afe®mt 
t If pea? e#at ©f tlae a^wag#. 
1:22) ISi® ©«Bfmt«i tlienretie-al tatiast® bmoM-iug ImSM of 
th.0 a«b®Fg of stwaf®, e2?o«s S6©ti©a by fiaosh©ako»s larg®,  ^
4®fl©etl0B tlie#3?f wem Mgtor tlaa». t&# test wsluem fm all • 
i»«be3?s* Wot tim ii«b#i»s wMoli,failed #lastieally, tli# • 
th#oa?«tlcal Talws iter# %m Mgh fey about 3 p#F ©#iit of tli® 
test falues fw a«b®,i?s l*t an« an# t©o hi^  hf abeiAt 
fea? ©«at foi? aeabea? &»!• lfoi» th® abbeys- wMeli failed, trnm  ^
@la#tie^slly  ^ tb© th#o3?©ti©al falm®#. wmw »»e& t#© Mgli C«f t® 
76 
1^ 0 per em% toT- ,a@fflb®r iw?! nai, b# mstf# to m&m 
(2,3) ®i® iiffeyeac# betw®#B th©- tlieoretlcal tilfejji&'b# 
b«ekll3ag loais by tli© lapg# a©fl#«ti©B tM©0'i?j aM tla® t@»t 
ijltliaat® hmkXim loais^  amy b® att3?iM%#A l&rg©lj t© tls© 
aiff#r®n0® h&Pwmux tim tli#©F®t?i©«lly-a8i!il»©4 aimpe 'tli© 
l>meia#i plat«s am tli© metrnX imp® ef %la# imekiet 
M1M0, the tli®©.i?©f;ieaily-asst»ed htug#! ©ig® e^ Mltloas .ar# i»t 
i?®a3.iB®4 ia .pi»aetie®» 
C%) 'The |>r@dlct«t «lttaa-fe® loads of th# test lierabers 
by tli# fun laimaii #<|^ iiral,#at-wlttli »®tk©€ w®m liigli«r th.« 
test laltlaat® leaiiS' t&v all a^abe t^ #i®n © « l.f was tts®d, 
l%i? tht© »«ab6i*s wMeh elaftleally,, the predicted valu©.® 
wem frai 10 t© 25 fs-a? e#nt tiian tSa# test values* Pei? 
tfe# m«ab#3P» wMefe fallet ittela®ti©ally» tli© p,if®'diet«<l yal»«» 
trm 21 t© 110' p«i? t©@ Mgl* 
f2^ ) Saf® p'miioted vals#®-®!' thm mtl«iit« bmettlue. loms 
wem'' @btai.n«€ by thie ®<i^ '^ '®.leat-wi€tb method tli® 
a#ii%«lly-.d®t#Ml»e<l S® t^F v&lws of 0 used* The ps?©-^  
dl©t®€ valm®s mem twm ? t@ 2$ per e#iit l©¥®i» thfls tli# t®«t • 
falm®s «©0pt foy »«ab©i?a -4*1 aai for wMeli. the p3?»iiet«€ 
"T^alu#® w«i?« up t@ $ per omt too Mgfe# 
( 2 $ )  b n e k l M  w m v e  pattersi ©f th® plat«s of tli® t®»t 
a«b«'i*s war® ®»tl3?®ly <iiff®i'®at tfeos© pp®€i«t®a th®®» 
wtieally for l.€#al plat«a.. Applieatiea of load ©a th.® plat®» 
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om fist# &t a la tJli« mmBXnlio^ 
plates ef isbo a«ail>#i'» 
C32) The w®M#i Joint alOE  ^ ©n® si€© of «aehi smber" gav© 
addiUl©iial femettlMg: streag f^e t© tliat sid® hj aetii^  as a 
(331 t#agitmiii«l s#asw«a:®at0 w®r« not t.^ .aa oa 
tlx# e©ats?al poi»fci©i3.« ©f tb.# plat©« • th« straina caused 
toy «i6.1 l®at» mi &tm& e«ms«i by te#aat'i% of ^ tli® plates eotali, 
isot to#' tep f^rntei* 
(31^ ) »!« f«tel'efttt©» pmmm» tat»diio«€ initial ii?.3?egta» 
lapiti#®. la th® ©©silierafely tli«i tk# iidtial 
ia %hm »11#4 plat®# b#f#r# faifer£eati©a« 
A$$} A tefflEilt# «s0»«lsii#ii ©le MplitMe'of tb® 
iMtlal, ii^#gii3.a3?iti@# ia tM plstts mA tk# hml&im 
sti»@iigtli. of til® plat®i wi 'aot possible from tb© of 
tMs Inwstigattoa., • H©ww#% 'tli® h^hmirtm of the t©at a«ibei*® 
w&i Mgbly iadi#&ti'r# of tli« ps-oljabl© of a«b®i»fl' of 
tlit» tyi>® ©f ©oastjettotlon wifeb ialtial i.«?ogial.ai»iti®s of tb® 
#aa©. ©M#i» ©f 
C36I Altlioiigi iafinit® eoneiuiioas p©x»tai.»iiig to tb© 
aoddl •Mtalyti® of aeeoaiai?^ huMtm be a«i@ m a 
3?»sult of tbds l3av#stigatiott# eoBclusioias of aa iuaioatlv® 
a&tur-© wr© »at® 'by 115 ob®#3?fl,i3g th# g©«»©ti?ieal prop®i?ti«s 
of tb# t©.®t »«b«i»S|. C2) obstiwiag th# tli©oi?®tl©a,l 
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f l ,  i i a c i i M B i D A f i o i f s  m n  f o h ® ®  s f U D x  
On© of fch® '©f this l»s hmn t;® 
inaiemfe# sa-feral possible ®xfe©»sioii« ef# md &dil%to'ns toj 
this 1» swf,s#0t«4 thati 
Cl) ftot5li©i» %#»ta b® mai« on liellow a«iib«3?a of squaj?'® 
•eross stefeioa la %hm h/t rati© mi®:® ^0 %& 7Q- to #«talbll8li 
aor# 4«fi»lt@lf %h.m po^iafc ab©¥# ¥Jai.el3. tb# memh&va 
fall hj ®la«fe£e bmefeHag aai, below wM.©^ the a«kb®i»# fail-
by iadlattle bmeklli^* 
(2) %mtB b« mai© os a«b#i»s' ©f r®©taagtjaar 
mms ®®.etioB t® m® restfltis ©f %Mi iiiv#stigati©B foj? 
awb®rs wltb. a, ©»6 b/t rati© aai exteni thla ttmiy %& 
reetaiigmlaj? a«b®fg with dfei»^  ¥altt#» for tl» b/t 
ratio. • 
|3'5 ftether tests b© aa€# walag, g®«etpl0ally»slmilai' 
mmhBTs wMeli fall la 'Hi.© ©Imstie bmel^lag rmgd in ordes? t© 
obtain & betteir o©r*»©lattea betw«0» %h% ©rltieal bmekllBg 
,st3?#iigt& of a plat# la a »«bea? •am thm wmtlo of maxtmm. 
im^lltiiae ©f Initial l*T®gmlai^ty in th.# plat?# fc© plat# 
tmeto®'®#, 
(i|.| fu3?tlie:r tests b® »&<!« lnwltli^  a stiffiel^ at mmhmr 
of m«bera so that pj^ebablllty prinelpl#® b© aKill®i to 
take lato mmmit tb..© ps^ babl© Iwegmlarltj faeto? idil.eli l»8 
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b«©B sfe,om to flay m In %M h&h.mior of 
®eals.ey® la ©C!api»@3al©», 
C$} $®®ts fe« ami# fe© 4et®»lii© ttha eff@et os th© ©rltieal 
•femefcliMg Btmng,%h. ©f a mmh&i' 'Ijf ©lliiW' oiral®id or 
€}i3?0«l» S(#i?fo3?ati0as wiieiy spacs#d alorig tw© opposite aid#® 
f©i* iii»p®«fcioa 'ais©' %q €et&mlm @ff©et of sweh 
p«f©yatioa» ©l©g#ly Bpmmi. el&t^ tii© nmmw&X' bM&B' of 
i?#«tiii»gmlar «©«» 
14) fisiii lb# @at«a.€®€ to #tliw gewtatric esabimtiens. 
smeii as platei hm% iste •sJigl# 'eliannel seotiona aM 
plates w®M®A iat# f&tmiM pr&p^s'tS.&m of wii® tXmge s®elsi©as 
and of Hicsections* 
C7I tests te© isad© t© id-lemts# t&e ftaslMlity ef wiiiag 
.i'tiffe'Slmg #ff«et ©f »all »t®®l sfe^ips 'Helded al@ng tli# 
l©3QgltTMiiml c«afeei»liii®,a ©f tli© plates &i a a«fe#r, 
i8| fti® smpm @f tMs ijiir0,«tigafei©ii fee 
by #e©®utpie liiats Iwtead of «iid loads, 
C9| A sttt% Mi® ©f til© flsmyal tehmios? of sections 
aad© bei^iag aa€ w®Miag pl&fe®s mim gemertl ^3?©p<ap-' 
ti&uB and roMlm a^ s^ ribet ia^ tfee f©3?®g©ii^  j?®e<»i®iiaati©3w» 
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VII. • BMMQTm' 1S.M1IGES 
1» Mmnd&m Assoeiation of Stat© Highway Gffieials*' 
V StmiajpA 'specifications :foi» terlig:©®#' ^ 
WftsMaglos* ©• 0* 19l|.9# 
2» JB©ri«an Institute of Steel 00iistrm©ti®B» St®dl e-©a-
'itruction manual# Hew Tork|; '• 
• '%v iat»i*ican l3?on .and Steel lnstittst©» Hit sp®®lfi«atloiis. 
for the design of light-gage steel structural 
aembers. New York, H, Y* 19k-^» 
i|.« J«#i»ican Railway Engineering Association, Specification® 
for steel railway bridges, Chicago, Hi, 19k.bm 
Barlow, Howard W, jPhe column strength of closedi thin* 
walled sections of 18-8 stainleaa steel, JousttsCl 
of the Aeronautical Sciences, 8:8l5i-l6l, 
•6, Bl®ich| fSpieto-i'di, Die Stabilit&t dtmner Hand® gedruck* 
ter Stabe, International Association for Bridge 
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Hmie 
fli® flat# ©oatow a#-feer mmiste ®i«®afclally -of a baa®, 
& fl»4 wrtieal aijaamy# a »aia siliisg. asseafely,: mmA a 
a«f3.®e%i.om*a#&si»isg' m« main ailing a,ss«ably 
1® ,gm£4®d m fe# wfeieal hj %vm 3?tu^ 3?» 
m& 1# f£x«.i ta m% mf p®lafe al^ Bg rtumeya by 
istee# msill mp »t!trm§ witli fe«ss ptog tif« b#ir©i«i %& tit 
til# swe't&m 'Of lib# ioir#t«il.#. Siis si£ii.ug mmmhlj 
liat tm .apas »tma3.1y pfeppendioular in a hmimmtsU pl^ aii#, 
#a«li 0i' wM©li gnid#» ft ©laall slid# m wM#i a deptk-gag® 
ater«#li®F ii a©mt«d* 'fc®®.# slide# ay# Ji- lne&«'S ieag and 
liav© a glTb and «#t 8«i»«w wM#! allows a nicw-^  
r«adlisg t@ b® tatoa aaqri#li#i'« ®l«ag a i3-4m®& lemgtk of 
th.® Milmetim @a» bt aitd® t1» aearest 
3/1,000 £iMfti, 
fl» b«t« »sls. ©a fQlBts, a fivetal flug  ^ and a 
5/Q»liMsii s®t «/@p«w at tli# «ad ©f erneJa Idg of thm bai®, fh®a® 
aesrws ar© ustd Is® pliab tli® iret^ feieal aS8«ibly* Saall 
,it®©l plat#s ai?« ms@d %© pi»©ti®©t b#d #f tto t#»tiiag 
»a033i»# flae t©-£a(^  Mgli f#i?tl©al a»»»ably la fa®%®3a©d to' 
tfa® bas« by f©T» $/8*l3aeli eap »©!?«».#• 
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tfe© m&ln slldiug assoablj 1» 
fey uiii^  & eafel@p a 
lead eyiiuier, maa. -a feall»l3#«i»ij3g sti#air« wMeii is aotmfe®a 
m top ©f ;, 
la©b Mle^#B©%«y i# ©qm£pp«4 wltli &ix. r©i.» '.wM#! giw a 
3?amg# of t&m © t# $• im&im- tor a#fl®«ti©a mmsmtmrn^ tM.® 
featsw® im aAiltiea, i©- tli# IS-inefet ©f tli® 
@lt<i®s Fai^d of Mi® aals^ alidij^' asi«bly 
giw« eeasiier^ l© fl«ltei3.1ty. t® tht-' atzm aeatJeps wM«ii 
#:as aee«i«@aated, l«efe «l.©i'€ii.ti#:r md.ts teeT®l®€ mt %hm 
©si a tip il«m©t.®F. ©f • l/|2*l»efc« &tal3. .fetrnters. 
it©iiittt«€ ©a-1&# sIMm sni the jaMa slidi'ag. afls«fely 
aXl©i# ,«':#®wr®»l#3ait syst«i ooordimt## t# "be. ©et mf for any 
!&« ferns®, Ttrlieal aiimfelfi «iiA a«ia sliilag aa®«ifely 
w»r« eoMtjTOet«t of i®dlW «%#,«!• Pj?®p«a?atj©,i*y fe© 
w#l.Aii5g,- %Ms st#el wm etii to skaf© ia aa i^^ ia# shops of 
feliti ©#pa;rt»#.ttt ©f M#.i^aai#a3l iiigi3B®frlug' at tmm Stafe® 
§oa.3.#fe» Ih« el#©.ti?ie*a^@ final 
M&&M.wd,ng «»». &&m l>y. til® la^tonal 
M&gms-B' Iowa# •&.» »l.ti#« wef# ma4@ in tli® 
Ei^iii#«3?iiag- Statioia Haclidii# Sfciop* 
i?r,//<?/•/ To/' 
4 hciei Or, I f '^r 
Fig» iiO« Details of Base of Plate GontQBgf Meter 
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V- •> 
UPPtff PAfiT gfCOftfTliUff MtTtR Sr* /»P» 5c«* t /"*/' 
Pig. 1|1, Details of Sliding Assembly of Plate 
Contotir Meter, 
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fSjOTEl /VW>; to Hoi- Surface 
Pig, l\.2m Defcails of Vertical Assembly of Plate 
Contovir Meter. 
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coMpMis©! ©F'ifMii MMmmtm Mmifmm 
'Stmtn feadiaga om Ish® s«© eoup©a • mia®3? 
i^entl-sal l#ailag csoaiitloot w«i»« tmk®m ttod© 
Ig 3S-»I| se^sutag' :r#e©i»S®a? and P-gag# aiitiMafclo 
wft lAioli w«r© mstd la th® »aim 
members^ 
2m Sl*l|. fy|»« L. sti?ai,js ia€l®at©^ m<i gi|.-gas» staimta. 
• witi^-ng ?3®it whi^ h w«f® u»«i 1» t®stini fcfe® • 
t©astl» coupons* 
•% t®as9«©t®3?a« 
A X/k^imh. thick #©u^®ia ©f fe©t-P©ll#d raild 
strttetwal st«#l iM^eA %© witli ASM Stantai^is vm, 
Sm© tjp® 1-1, 'Stoaia gage wai aomt®4 on #it&©T 
si4# ©f th# eo.iap#ii was in a 60,0CJ0-lto., 
fejAratfli# mm^iAm aai loaAet t© an avtrug© msife 
sts»®ss ©f 20*000 p«£ • at mmmv of tfe® co-k^oiHj, 
2p®1iwi»€ t© IfOO p»i» lasli stffaiii^iasaifWPttjg lii«%i?iaa«tit 
was i&ll® a mit. str®ss ©f I^OO psi ws« aatntatnei in 
tla® test @0«|)©»» M%ep rmei w«xw» mad® usixjg the 
«e.aiadi^ sua# L straia iatteator# th& sa»% stf^aim 
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gages mm trm the m«lb©r aad luggeiibftrger t®»soa©fcei»s 
a©mte<t ia fch« sra® l^ eatioau -ia awrag© sfei?#ii of 
20,000 psi wa® B©1j. ©xi5#«d»€ in oMei? to iasmi^  ^©lasti® 
hehmi&t f©x» ®a©h 
fmtol# XIY, 0^R3fiso» of Stepaia M@as«riiig Sq^pB#ii|j 
SeaimiJ^ X"St'3?^a' " ' feiagd.''''^ 
Etoordey Ii^eatoi* , fafiatlen 
p»i ^ralcro- CaloTO-iiVla) (»f©i»©-ii/i»l 
i^/in) of Jkv©3?ag® 
i|.00 0 0 0 0 
2,000 60 52 %2 +17.0 
.17.0 
l|,,.O0O la 120 120 0 
S,000 If© 183 iSl +2.7 
•2.1 
8,000 zm 250 pijfi +1.6 
•1.2 
10,000 3m 33^ sa +1.0 
-1.2 
12,^00 3k2 38% 30% +1.3 
-0.8 
Ml.,.000 liJ|8 +0.9 
•0.7 
16,000 m m +1.1 
-0.7 
18,000 5fo ^8S +1.0 
"0.7 
20,000 m 6^4 66o +1.7 
-1.0 
li}.0 
Li9% ®f %©•€ 
.• Baliwiii*-S©utl»rark SS-l{. St:raiia. S#aiali^. ' 
Serial 1©. D-^700lj.» 
2# Bttldwin-Soufehwark SR-I4. Autijaatie IWL% Ci}S Clag«J, 
Serial Ho. D-57033. 
3. Baldwln-Soutteark SR-lj. Strain ImSlem^r# ffpe 
Serial Ho. H5-92ii2. 
I|., • Bildwin-Southwark Bridge BalfitselBg Haili M®»mal) 
Serial Ho. 93038-6. 
% •••Baliwln-Southiiark AG-DO ' 
Serial M@, 92938-19. 
' Hugg«^®rg#r f®nsoffiet.«r# 
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